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NaBopaTtopHas paboTa Ne 1

KNACCbl HEOPTAHWUYECKUX COEANHEHNW

Ienw padoTei: O3nakomumses ¢ HeKOMOopbLuU vemoodamit nOJIYYeHUuA 1
CROTICINGANMLL OCHOBHBIX K1UCCO8 HEOP2AHUYECKUX COEQUHeHULL: KUCT0M, OCHOBAHLL,

coiel, OKCUOos.

1. TEOPETUMECKAA YACTD

1.1. Knaccndpukanus HEOPraHHYECKUX COeMHEeHHH

Bce cynecTBYIOLIHE COSAMHEHNS MOKHO pa31eIHTh HA MPOCTHIE U CIIOKHBIE.
[TpocThie BENIECTBA — 3TO TAKUE BELLIECTRA, KOTOPbIe 00pa30BaHbl OIHUM U TEM XKE
yteMenToM. HarpumMep: KMCIIOPOI, 030H, anmas, cepa 1 ap. lIpocTeie BEmCCTBa, B
CBOIO Ouepelhb, KIaCCUPUIIMPYIOTCS HA METANIUYECKHE ¥ HEMETALIHIECKHE. B
HacTosiee Bpems u3BecTHO cBhiie 400 pa3sHOBUIHOCTEN MPOCTHLIX BEIIECTB.

K CIOKHBIM COEIMHEHMAM OTHOCSTCS BElIecTBa, 00pa30BaHHbIC PA3HBIMU
yTeMeHTaMW, COeIMHEHHBIMU Me#TY COO0M XUMUYECKOMH CBA3bI0. 1HCIO M3BECT-
HBIX CITOMHBIX COSTMHEeHUI OIM3K0 K MIJIJIMOHY, U €KeroIHO B XMMHUYECKMX XKy pHa-
Jlax OMMCHIBAETCA OKOJIO IBAILIATH ThICAY COEAMHEHUH.

OOLIEeNPUHATO KNacCHGHUIMPOBAThH C/IOKHBIE HEOPTAaHHIECKNE COCTHHEHA

[0 CJIeIVIOUIEH CXeMe:

/Hcconeo()paz._\'mmue (CO.NO)

e - C e 1 aHHBIE (FE304: C030y)

N\

KUCTOTHBIE /aHTUIPUIBL/ aMmpoTepHsbie OCHOBHBIE
COQ_; NgOS SO_)_ Al:O; /ZnQO Nago CaO

1. OkcHAabl

2. THApPOKCHIbl | —3 OCHOBHbIE | OCHOBaKA '+ NaoH. Ca(OH):

\!

KHCIOTHBIE / kHucTOpo1ocotepAanive | kueloTe: H,SO: HNO::

am@oTepusie Al (OH)k (__’ H:AlO:: Zn(OH): (__a H-Zn0O:
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3. Couwn > cpeanue / nopmanenueie / K,SO,. Na;PQ,

aBa karumona KHSO,
ABOHWHEIE
\ 1Ba anuona MgOHCI

komnaekcHeie K [Ag(CN)s]

BaHeHIIIMI K1accaMy HEOPTraHWYECKHUX COeNMHEHUN ABJSIOTCH OKCHIIbL.
TUIPOKCHUAR] ( KUCIOTHI U OCHOBAHHA ) U COJIH.

OKCHABI — 3TO COSTVHEHUSA NBYX IEMEHTOB, OAMH U3 KOTOPBIX KUCIOPOL.
XapakTep OKCHUIA ONpeNeNaeTcs ero CocoOHOCTHIO 00Pa30BLIBATE COIH C KHUCIO-
TaMH ¥ OCHOBAHMAMH (@ TAKXKE C KACIOTHBIMHI H OCHOBHBIMH OKCHIIAMH).

Kucnotaeie okenmsl (SO, SO, PO, SiO, u ap.) 06pasyroT comy ToNbKo ¢
OCHOBaHHAMM WU OCHOBHBIMU OKcHAaMH. Hanpumep:

S10, +2NaOH =Na_SiO, + H, O:
CaO+CO,=CaCO,

OcHosHble okenasl (Na,0, CaO,Bi,0, u ap.) XxapakrepusyroTes peakiueit co-
1€00pa30BaHUA TONBKO C KHCI0TAMU U KUCTOTHBIMH OKCHAAMH, HATIPUMED:

NaEO +2HCl=2NaCl + H:D.

Angorepuple oxennbl (ZnO, ALO .. Cr,O. u 1p.) 00pazyIoT COMM H ¢ KHCIOTAMIL
M C OCHOBAHHMSMUY. HallpUMEp:

Cr,0, +6HCl=2CrCl +3H,0:
Cr,0, + 6NaOH + 3H,0 =2Na, [Cr(OH),].

Lcnum snemMeHT 00pasyeT OKCHIbE B HECKOIBKUX CTETIEHAX OKHUCIT EHHA, TO OKCHIILI
PA3IeIISIOTCA Ha aM(OTepPHbIe, OCHOBHBIE U KUCoTHBIE. Kak [IPABHJIO, OKCHBI BhIC-
ITUX CTETICHEHA OKMCIEHUS ABISIOTCS KUCIIOTHLIMHA, a8 HU3IIUX — OCHOBHLIMHA. [ak.

MnQO, —ampoTtephplit okena, MnO,, Mn O, — kucnotasie, a MnO — 0CHOBHOM.
Croco0bI MOAYYEHUS OKCU/IOB pa3iuyHbL. [ 1aBHble U3 HUX:

I.  B3anMojeHCcTBHE POCTOr0 BELLECTBA ¢ KHCIOPOAOM:
EHQ, =00 2Ca+0,=2Ca0.
2. Topenmne CJI0KHBIX BEIIeCTB:
CH,+20,=C0.+2H,0;
2C,H.OH +70,=4CO,+6H,0.
3. Pa3znoikenye Npy HarpeBaHHHU KUCIOPOIHBIX COeIHHEHHIi:
CaCO, =Ca0 +CO,
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1.2. KncjoTsl 4 OCHOBAHHS (THIPOKCHIBI)

[Tpu B3aUMOIEHCTBIH (TPAMOM HITH KOCBEHHOM ) OKCH/IOB C BOXOM 00pazyroTcs

X PHIpaTHbIE (QOPMBI, KOTOPBIE UMEIOT XapaKTep KUCIOT, OCHOBAHUH 1 aM(POTEPHBIX

TUIAPOKCUIOB.
KucoTaMu Ha3bIBalOT IEKTPOJIHTHI, KOTOPBIE NPH AHCCOLMALIH 00pasyroT
KaTWOHBI BOIOpOA. b
3 HCl—> H +Cl
Hanpumep: e

CH;COOH > H'+ CH;COO0~

ITo.1yuenue. Muoryie KHCIOPOIHbIE KHCTIOTHI MOJTYYar0T [PH B3aUMOIEHCTBHU
OKCHJIa C BOIOM:
NO +HO= 2HNO.;
WITN
N.O. +H,O=2H"+2NO; (nounas opma).
Ec/ii OKCUIBI HEPACTBOPUMBI B BOJIE, TO OTBEYAIOLIUE MM KHCIIOTHI MTOJTY1atOT
AeucTBUEM ApYroi KMC/I0THI HAa COOTBETCTBY FOLLYIO COJIE!
Na,SiO, + H 80, =Na, S0, + H_ 510,
WM B MOHHOM BHIE:
Si0.*+2H" — H_SI0,.

Beckucaoponuble kucaorsl (H S, HCL, HBr 1 T. 11.) nosy4aioT B3auMOACHCTBHEM
BOIOpOIA C HEMETAIOM € TNOCIEAYIOUINM PAacTBOPEHUEM B BOIE BOXOPOIHOTO

COCIMHEHHUA.
OCHOBAHUSIMH HA3bIBAIOT IEKTPOIHTHI, KOTOPBIE IPH IHCCOLUMALAN 00Pa3yIOT

annoH OH - KOH=2K + OH .

(OCHOBAHWS, PACTBOPUMEBIE B BOIE, HazbiBatoTes wienoyamu (NaOH, KOH u ap.)
IToayuenue. PacTBOpUMBIE B BOJEC OCHOBAHMA IIOTYHAIOT NP B3aMMOIEH-~

CTBUH METAIIOB HIM MX OKCH/OB C BOIO, HAIPUMED:
2Na+H,0=2NaOH +H,
Na, O +H,0=2NaOH.
HepacTBOpHMEIE B BOJIE OCHOBAHHUA IOy UYArOT AEHCTBUEM IIEIOUCH HA BOJI-
HBIE PACTBOPHI COOTBETCTBYIOUIMX COJICH, HAapUMep:
FeCl; + 3NaOH = Fe (OH)z, + 3NaCl
Fe'” +30H™ = Fe(OH)s |
CosIMH1 HA3bIBAOT 3JIEKTPOJIATEL, KOTOPBIE IPH THCCOIMAIMH 00Pa3yIOT Ka-
THOHbI MAaTAJUIOB ¥ AHMOHBI KUCJIOTHBIX OCTAaTKOB. Hampumep:

KBl s B A

AINO:)s -— Al = 3NO;
)




110 cocraBy paznu4aroT ciiemyroimye TUILT cosiel: cpearue — Na, SO » KHCJIOT-
Heie — NaHSO,, ocnosrble — MnOHCl 1 nsoiiasie — KAI(SO,), d

Honyuenue. CriocoObl IOy YeHUS CONE BECEMa Pa3HO00PAa3HbI: COMH MOK-
HO MOJYHYHTh PEaKIMEeH HEUTPATH3AINN, B3aUMOAEHCTRIEM METAIIOB ¢ KHCIIOTA-
MH, COJLIMH, HEMETAJLIAMHY, B3AaUMONCHCTBUEM KHUCIIOT C OCHOBHBIMU OKCHAMMU,
B3aMMO/IECTBHEM OCHOBHBIX OKCHIOR C KUCIOTAMH, B3aUMOIEHCTBHEM Ieouet
C COJIAMU U T. 1. I IpHBEIEeM HECKOTBKO TIPHMEPOB:

2A1+6HCI=2AICI, +3H,;

i e

2A1+6H"=2AP" +3H ;
Fe+CuSO,=FeSO, +Cu
Fe + Cu*=Fe** + Cu;
Ca0+C0,=CaCo,.

Hy’KHO UMeTh B BUIY, 4TO HE BCAKYIO CONIb MOXKHO TTOJNYYHTh 10 TOMY HIIH
nHOMY criocoQy. [1pu BeIOOpe criocoba Beerna ciieiyeT yuuThIBaTh PACTBOPHMOCTE
MCXOLHBIX 1 OJTY9aeMbIX BEIIECTB UIIH PACIIONIOKEHHE METAILITOR B PSIIy Harpsike-
HUH 1 T. 1. Hanpumep, Hemb3s ocymecTsUTs B3aumozeiictsue Fe(OH), ¢ KCL, u6o
Fe(OH), npaxTudeckn HepaCTBOPUM B BOJE. "

2. SKCTIEPUMEHTAJIbHAA YACTb

2.1. [lonyuenne KHCJIOT

Hoayuenue yeo 1o o KUCAORIBE

B npoOKpKY HANNUTE 23 MJI TACTU/UTMPOBAHHON BOMBI U IPONYCTHUTE B HEE
(5 MHH) JHOKCH yIiiepona us anmnapara Kunmna. 3arem K NOMYYEHHOMY pacTBOPY
100aBnTe 1-2 Kanau yHHUBEPCATBHOIO MHAMKATOpa. OTMETHTE LBET pacTBopa u

onpezenuTe pH pactBopa. Y10 nosyuunocs rpu pacTBOpPEeHKH B BOIE YINIEKHCIION0
raza? Hanmimure ypaBHeHHE PEaKIIU.

Honyuenue yrcycHoli Kuciomot

B npoOMpKy BHECTH HECKOJIBKO Karellb alerara HaTpus (NaCH,COO) u
N0OABHUTE 2 — 3 KaTlj CepHOI KucnoThl. OTMETHTE OLLYIaeMbI 3anax. HamumTe
VPaBHEHVE PEaKLMN B MOJEKYIIIPHON U HOHHOM (opMe.

2.2. llonyyenue ocHOBAHHUII

Hoaywenue zudpoxcuda maznus

B npobupKy BHECTU HECKOIBKO KPHCTAIIIOB OKCHIAa MATHHA, IPUOABUTH 2—3
MJI BOJIBI |, IIOJIB3YACH Y HUBEPCAIBHBIM HHAUKATOPOM, onipeaenuts pH moiryyen-
HOTO pacTBOpa. Hamminute ypaBHeHHEe peakiyi.

Ilonyuenue zuopoxcuoa uunka

B nmBe npobupku BHeCTH 2 — 3 Kamuu pacTBOpa conu uuHKA. JJ0GaBHTH 110
KarursaM pacTBOp rUAPOKCHAA HATPHUs 10 00pa3oBanyA ocaika. Hanwmmre ypaBge-
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HHE pCakKiiiK B MOJERKVIAPHOM H MOHHOM BHIAC. ,]__L{}HHH{HTE ELMCl){JTETpHGCTB FHAapo-

KCHIA 1IMHKA.
2.3. Ilonyuyenue coJiei

Ioayuenue kuc.ioi co.u

B nipobupky HasuTh 23 MJ1 M3BeCTKOBOH BObI (Ca(OH),) U IpOITyCTHTD Yepe3
PACTBOP YIMEKUCIIBINA ras 10 MTOMYTHEHHSA PAcTBOPA ¥ 3aTEM TTPOJIOJDKHTD Tajiblie
IpoITyckaTh ra3. Yo npu otom Hadnronaete? OOBACHITE IPOUCXOIAIINHN ITpoLIECe,

HAMHLIMTE YPaBHEHHA PEaKLIU.
Hoayuenue ocrHoenoil cotit

B npoOupky BHeCTH 2—3 Kalliu cyibgara kobansra (11) 1 IpUIMUTE 1o Kariam
pacTBOpP F’HAPOKCHIA HATPUS 10 00pa30BaHNs CHHEro ocanka. Hanmimure ypapHeHHE
PEAKIIMKA B MOJIEKYIISIPHON 1 MOHHOH (PopMeE.

Hoayuenue costu peakuuel 3aMelie i

B npoOupky Hanuth |—2 M paciBopa cyib(ara MeIu | OTIYCTHTL B PacTBOP
KYCOUYEK MeTANIMYEeCKOro uuHKa. Conep:KuMoe IIpodUpKHU clTerka HarpeThb. Yo mpu
3TOM Habmonaete? Haruunure ypaBHeHHE peaKkLiy B MOEKYIAPHOM ¥ MOHHOM BUIIE.

AHAOTUYHO TPOBEAUTE PEAKLMI B3aUMOIEHCTBUSA NHHKa C COJNAHOMN

KMCJIOTON. Hanmuiire ypagHeHNE peakliiyi B MOJIEKYJSIPHOM 1 HOHHOM (POpME.
Hoayuenire cotu pearuynei oomena

B rpobupky BHeCTY 2-3 Karli pacTBopa HUTpata cepedpa U 100aBUTH
NJopuaa kanud. Yro nabnronaerte? Hammnuure ypasHeHHe peakiiii B MOJICKYIIAPHOH
1 HoHHOI dopnte.

Ho.yuenue coau pearkyiieil Hellmpa1u3aiii
B nipobupky HanuTh 1-2 mi Gapiitosoli Boas! (Ba(O H),) n 100aBUTH HECKOIBLKO
Karens cepHoit kucrnorni. Yrto mpu 3toM HaOmomaete? Hamumunre vpaBHEHHE
peakiui B MOJIEKYJIAPHOI 1 HOHHOII opMme.

KOHTPOMbHBIE BOMPOCHI U YNpaXXHEeHWsA

1. Yro HazbiBaeTcs okcuaaMu? Kakue rpynibl OKCHIAOB Bbl 3HaeTe!
2. OxapakTepu3yiTe XuMHYECKHUE CBOMCTBA OKCHIIORB
3. Y10 Takoe krucinoThl? Kakue KACIOTh! Ha3biBAIOTCS KUCIOPOIHbIMH W KaKHe

OECKUCIOPOJIHBIMHA?
4. Kak onpeneisercs OCHOBHOCTh KHUCIOT? OXapaKTepu3yuTe XMMHYECKNUE

CBOMCTRA KNMCJIIOT.
5. Kakxpe TMApOKCUIbI Ha3biBAKOTCS aM(oTepubiMi? Kak onpenelisieTcs Kuc-

JTOTHOCTh OCHOBaHMWI
6. Kaxue BUIBI CONell paznuyiaror’
7. CoCcTaBUTh ypaBHEHHA. C ITOMOIILID KOTOPBIX MOKHO OCYHIECTBHTH

CITeOYIOIIME [IPeBpalleHU:
) FelQOH s ——>Fel)s — Fg —> Fellls — el NUzk
0) Ca(HCOa)zy —-CaCUs — Cal) —>Call—»CaC0:

-




IlabopaTtopHas paboTta Ne 2

OMNPEAENEHVE MOJIAPHOW MACCHI
OKBUBATIEHTA METAINIA

Henw paboTel: a) IToemopume ocHosHbie noHsmus Xumitil, 0) Hszyuume
NOHAMUE IKEUBATIEHIN, MOIAPHAS MACCA IKEUGATCHMA, 3AKOH IKBUGICHINOE. 8)
Hayuumbscs npakmuyecku onpedeisimne MOIAPHYIO MACCY SKBUGATEHTIG MeMaia
MEMOOOM BbIIMECHEHUA BO00OPOOA U3 KUCIOMBbL.

1. TEOPETUYECKAA YACTb

ATOMBI, MOJIEKYTIEL, HOHBI, PAIUKAIEI, 3KBUBANEHTHI, aTOMHBIE TPYIIIBL, T.€.
0001 BUJT PeabHBIX YaCTHULL X YCIOBHO CYIIECTRYIOIINE OJIH TAKIX YACTHIT HAZhI-
BAIOTCA dJIEMEHTAPHBIMH 00bEKTAMMU.

B xumnu IpHMEeHSTIOTCS He abCOMOTHBIE 3HAYEHNS Mace HIeMEHTAPHBIX 00heK-
TOB, & OTHOCUTEJIBHBIE. 3d €ANHNAILY OTHOCHTEIILHBIX aTOMHBIX Macc ¢ 1961 r IPHAHA-
; : : |
Ta aMoMHAs eounuya maccyt (a.e.M.) papHas '/, Maccel atoma yrmepozna C2.
OMHOCUMETbHAA AMOMHAA MaAcca 3nemenma (A ) — BeM4YHHa be3pazmep-

Had, paBHA OTHOILEHIIO CPE/IHCH MACCEl aTOMa 37eMeHTa K '/, | Macchl atoma yrie-
pora C" 4 BeIpaKaeTCsa B a.6.M,

«r» —HavanbHas OyKBa aHNIMICKOTO CII0Ba «relative» — OTHOCHTENbHDIIT,
OMHOCUINCIbHAA MOJAPHAA Macca eenjecinea (M ) — BeJlmYuHa Oe3pasMep-
Hai 1 paBHa OTHOILIEHUIO MACChI MOJIEKYJIBI BEIIECTBA K '/, MACChl aTOMa Y ITIEPOJIa.
M =A.+A F A, P
A 1 M TIOKa3pIBailOT BO CKOJIBKO Pa3 Macca aToMa U MOJIEKYIB! GoJibLie !/ 5
Macchl aToMa yriiepoja. “

B mexyHaponHoit cucreme enuau (CH) 3a etiHMITY KOJMYECTBA BELIECTRA
IIPUHAT MO.1b.

Moitb (r) — 5TO KOJIMYECTBO BEIMIECTBA, COMEPIKALIEE CTOIBKO CTPYKTYPHBIX
CIIMHHL, CKOJIBKO aTOMOB conep:kurces B 12 r ymepona C', T.e. MOJIb — 3T0 Mepa
KOJIMYECTRA BEIIECTRA. |

OIHH MOJIB JIFOOO0T0 BEIIECTBA COMEPIKHUT OTHO H TO JKE THCIIO SIEMEHTAPHBIX
00BeKTOB — 6,02 % 10* — gncno Agorazpo (N s

PaznwgaroT MoJib aToMOB Xiopa — i (Cl), MoJih HOHOB xJiopa —n (CI).

Monapras macca sewgecrmea — M (A) —Bemmuna, paBHAas OTHOILIEHHIO MACCE]
BCILECTBA M (A) K €r0 KOJIMIECTBY I, UMEET Pa3MEPHOCTh IYMOJTH HITH KI/MOJTb.
M(A)=m (A)/n (A) r/™morn

U mMosspHas Macca semecrtsa M (A) — 910 Macca 0JHOTO MOIB BEIIECTBa,
HHCIIEHHO PaBHAs €r0 OTHOCUTENBHON MOIApHOM Macce (M ).
r

8

[Tpumep: M (H,SO,) =98 a.e.m. M (H,SO,) =98 r/moan

M _(NaOH)=40a.e.m. M (NaOH) =40 r/moiib.

Mesxny Maccoii eriectBa — m (A), KOJIMyecTBOM — I (A), MOJIAPHON MacCOH —
M (A) CyLIECTBYIOT IPOCTLIE COOTHOIIEHNA:
I.M(A)=m(A)/n(A) Macca seugecmea 1 KO1u4ecnigo
2.n(A)=m(A)/M(A) GeUlecinBa — NOHAIMUAL PA3HBIE.
3. m(A)=M(A)*xn(A),
re. m (A) — BbIpaxaeTCa B I. KT
n (A) — B MOJIb (CJIOBO «MOJIb»
HE cKJIoHseTcs!):
M (A) — B r/MOJIb, KI/MOJ1b.
B 1792 . PuxrepoM chOpMVIHPOBAH 3aKOH YKBUBAIEHTOB: XUMUYIECKHE BEIIIe-
CTBA B3aUMOAENHCTBYIOT APYT C IPYIOM B KOJMUYECTBAX, TPOTIOPLIMOHAILHBIX HX K-

BUBAJICHTAM.
IKeusaIEHNIOMN gerfecmed (3 ) Ha3bIBAIOT TAKYIO eT0 POPMYILHYIO €IMHN-
oy (4acTh aroMa, MOJEKY/bl, HOHA), KOTOpas PaBHOIIEHHA MO CBOEMY JAEHCTBHIO

OJIHOMY aTOMY BOAOPOIA B TaHHOH peakLyu.

=, B e 9 — SKBUBAJIEHT;
'/, — (aKTop IKBUBAIEHTHOCTH,
I Z. — 411CI10 IKBUBATIEHTHOCTH;

A —BeniecTBO (hopmysia). |
@axmop Ikeuga1enmuocnu (f (A)) —aucno, paBHoe TON X0J€ YaCTHIBI A,
KOTOpas ARAACTCS IKBUBAJIIEHTOM BEIISCTBA B MAHHOH peakiu.

3, =%HS0;7 =%

"H.80,

I =y
[Tonb3ysch MOHATHEM «MOJbY KaK eIMHALEH KOIMYECTBA BEIIECTBA, MOYKHO
TaTh CIeNYIOLIEe OTpeieNieHIne XUMHUIECKOTO YKBUBAJIEHTA BEIIECTBA!
IKeuUGWISHIN JTEMEHRIA — STO TAKOE €T0 KOJIHYECTBO, KOTOPOE COSMMHALTCA C
OJIHUM MOJIb aTOMOB BOAOPOIA MITH 3aMEILIAeT TO e KOIMMIECTRO aTOMOB BOIOPOAA
B COEIMHEHMUAIX.
IKeUBAICHMOM COEOUHEHHA HA3bIBAETCS ONPEACIIEHHOE KOJNMYECTBO CI0XK-

HOTO BEIIECTBd, KOTOPOE IMOJIHOCTBH) BSEMGH&ECTB}’ET C OIHHM 3KBUBAJICHTOM
BOOOpOOa HIIM OIPYTOro BEHICCTBA.

= Y5, Z —BANEHTHOCTD DJIEMEHTA.

HCI =4 Cl T i = Y

HIO 9{] - I/é O fmca{ﬂ} - /1

NH3 ah’f]ll& N f‘_u-:a{f"-[} i jfﬁ

C}l-t 3{?_‘ /:1 C f}ﬂa{ﬂ‘j o /:4
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Taxk, pakTop 9KBUBANEHTHOCTH MPOCTOTO BELIECTBA OTIPENEIISETCS BAJIEHTHOC-
TBHO DJIEMEHTA.

3:’;1: 1’!'3 Al f:nm = lfl’o
3{::%(: fﬁi:ﬁ:%

DaKTOP IKBUBANEHTHOCTH CIIOKHBIX BEIIECTB ONPEAEIIAETCS YHCIIOM 3aMelleH-
HBIX YaCTHII.

Khcnor / aha H:S0,) = {fTHBI{I-IsPD;} =,
3, < = % H,S0, 3,00, = 1y H,PO,
f (HNO;) = f f =%
IKE yxkBs(H,CO
{ o=, HNO, 3, =% H,CO,
OEH{]BHHHE { IKB( NHEH%H Ij __:. awe(Ca(OH}, ) - % _
Iaon = 1, NaOH hgca{nﬂ)f 72 Ca(OH),

{f akB(Cr(0H)) = i 3
i, U Cr (OH),
— {f oxa(Alz(50:k) =g {f 31s(Cr (PO = ol
I nson = s AL(SO)), (Pm"%f Ca (PO)),

Z.=nxm,rne: N — BaJ€eHTHOCTL METAJLTA
m — YKHCJI0 aTOMOB MeTAIa |

OHC H1 {flhﬁ (P,0: ) I Iﬂ {f“mﬁﬁjﬂ} IA
: :
F205 f P 0 S0, /4 5101
A
{fﬂhﬂ{ﬁf?ﬂs }[ 5 {famu{ﬂazﬂ} =7
= — 1
A / Al 0 3Nazﬂ =1 NHIO

Moaapnas macca sxeueanenma éewjecmea Vi( I, A wm M, (A) 510 Mac-

Ca OIHOTO 3KBHBAJICHTA BEIIECTBA M PaBHA IIPOM3BENCHUIO (PaKkTOpa SKBUBATEHT-
HOCTH Ha MOJIIPHYIO MacCy BEUIECTBA.

M, (A) =", xM(A)" _umM(/,A)= '/, x M(A)

{M(l/ _Fe)=1/, x M (Fe) {M(lf ,H,80,) ="/, x M (H,80,)
M ('/Fe)=",%x56=18,77/ M (% H,S0,) =% % 98=497 _

OKBHUBAJIEHT, (DAKTOP IKBUBAJIEHTHOCTH ¥ MOJIApHAS Macca BI{BHB&JIEHTE. EE‘-—
IIECTBA HE ABJIAIOTCS BEIMYMHOM ITIOCTOSHHON 1 OTIPEIEIIOTCS KOJIHIeCTROM 3a-
MEUIEHHBIX YacTHI] B JaHHOM peakiium.

Hampumep:

[.LHPO,+NaOH —» NaHPO,+HO

B PEAKIIMU 3aMEIIaeTCs OJJMH aTOM BOIOpPO/a,
10

Do, = HPO,: ML(HPO) ="/, x M(H,PO)
2.HPO,+2NaOH — Na,HPO,+2H,0
B p€aKIMy 3aMEIat0TCA Bad aTOM4d BOLOPOOAA
3 . =%HPO M_(H,PO,) =¥ x M(H,PO,)

H.PO,

3.H,PO,+3NaOH —> Na/PO,+3H0

B peakIMi 3aMearoTCa TPH aToMa BOJIopoa
3. .. =Y HPO: M HPO =" xMHPO)

H, PO,
B 0KUCAUTEILHO-BOCCTAHOBUTENBHEIX PEAKLIUAX SKBUBAJIEHT, (PAKTOP IKBHBA-

JIEHTHOCTH OIIPEESETCS YUCIIOM OTAAHHBIX WITH IPHCOEIHHEHHBIX 3JIEKTPOHOB B
NAHHOW peaKLnH.

Hanpumep:
2KMnO, +5Na SO, +3H,SO, — 2MnSO,+5Na,50 + K,SO,+3H,0

5 =i KMNQ,; B J(KMnO ) =" [ *M(KMnO,), Tk

EMnO,
Mn* 4+ 5 — Mn"” wm MnO,+8H +5¢ — Mn”+4HO
WUtak, MoJIsipHasi Macca 3KBHBAJIEHTA BeleCTBA B peakiugax o0MeHa i 3aMe-

[LIeHMs PABHA MOJISIPHOIi Macce HTOr0 BelecTRa, Je/IeHHOH Ha MHC/10 3aMelleH-
HbIX YaCTHLL

[lonp3ysach MOHATUEM MOJIAPHOM MACCHI SKBUBATIEHTA BELIECTBA, MOMKHO CPOop-
MYJIUPOBATh 3AKOH IKBUGUICHNING!

Maccel pearupyroimmnx BEIICCTB MNPONOPHHOHAIbHEI MOJAPHBIM MaCCaM HX
JKBUBANIEHTOB.

MaremMaTH4eCKOE BhipaKeH1E 3aKOHA DKBHUBAICHTOB:
m(A)/m(B)=3 /3, m(A)/m(B)=M,(A)/M,(B)

IKkeugareHmnsim o0vemom (V) HazpiBaeTca 00beM, 3aHUMAEMBIHN O THUM
IKBMBAJIEHTOM BEIIECTBA MPY HOPMAJIBLHBIX Y CIIOBHSIX.

Hanpumep: aia kuenopopa M(O,)=327
27 22,47
- X =35.61(om°)
8"/ m— K

MOMb

M. (0)=%x16=87_, M(0)="x32=8"

MOTE
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2. SKCINMEPUMEHTAIIbHAA YACTb

OmpenesieHne MOJAPHON MAacchl IKBHBAJEHTA METAJIa NPOU3BOIHTCH B

npudope (puc. 2.1).

Puc. 2.1. [Ipubop nns onpeneneHus MOJISPHOIt MACCHl SKBUBANIEHTA METANITA

Hamonuwre O1opeTky BOIOMH 1, 32aKPHIB e NaIbLIEM, IEPEBEPHUTE B JallKy ¢ BO-
TIOH, TIPH 3TOM CJIeIUTE, YTOOBI Y POBEHB BOIbI B OIOPETKE B IEPEBEPHYTOM COCTOSHIH
HE BBIXOIWII 33 €€ IPalyHPOBAHHYIO 9acTh. I10B3ysCh 3aKHIMOM OIOpETKY, YCTAHOBH-
T€ ypOBECHb BOIBI HA KOHEYHOM NENEHHUH OIOPETKH. 3aTeM MOBEIUTE Ta300TBONHYIO
TpyOKy oT npobupKy 1oz GropeTky. Ilomydure y NpernonaBarens onpeeneHHyO Ha-
BECKY MeTallna. Cpasy Ke 3arvInmTe ee MacCy B TeTpah (paboumii )KypHa).

-~ Lt s
B npobupky HaseTe 0KoJI0 3 MJI COILTHOM KMCIIOTEI C IIOMOIIBIO ITHIIETKH TAK,
4YTOORI CTEHKH IPOOUPKHU HE OBLIH CMOYEHE! KUCIOTOM.

12

[TpodupKy ¢ KUCIOTON HAKIOHUTE H OCTOPOYKHO II0JIOXKHTE HA €€ CTCHKY Ha-
BECKY MeTaslia, Cae/is 3a TeM, YTOOBI METAILI ITPEKAEBPEMEHHO HE MOIaJl B KHCJIO-
Ty. [TpoOupKy 3aKkpoiiTe Ta300TBONHOM TPYOKOH, paHee MoABENEHHOH o OropeT-
ky. BerpsxauTe NpoOUpKY Tak, YToObI METAILT YIIAJI B KHCIOTY. B pe3ynsTaTe npote-
KaHHsg peaKIH BIIEISIETCS BOIOPOL, KOTOPBIN BLITECHAET BOAY M3 OIOpeTKH. Korna
BBIJEJIEHAE BOJOPOAa NPEKPATUTCA, 3alHIIUTE €ero OOBEM 10 pa3HOCTH YPOBHEH

BOILI B OIOpETKE B HAYAJILHOM M KOHEUHOM COCTOSHHSIX.
3anuiuure Temneparypy (t"C) u nasnenue (P ) onbiTa. Pe3yibrarsl M3MEpEHUE
3AMUIIATE 110 GOpME:
m —Macca MeTajljla B MT,
t' — Temmeparypa KOMHaTHas:
P _arMocgepHoe nasneHne BO BpeMs MPOBENEHNS OMbITa B MII PT. CT.,
V., —00beM BBIOETHBIIETOCH BOXOPOA (MI1);
h — yIIpyrocTs BOASHBIX MAPOB MPH JaHHON TemrepaTrype (Haxouarces 1o
TAOULIE).
Pacuempi
O0ObeM BBIIENUBILIETOCS BOIOPOIA TPHBEANTE K HOPMATbHBIM YCIIOBHSIM, T.C.
k 00bemy rasza nipu 0 °C (273 K) u naBnerun 760 M1, pT. CT., TOAB3YACH (POPMYTOH
00beIMHEHHOTO ra30Bor0 3akoHa boiinga-MapnotTa u leii-Jlroccaxa:
PN/ T.=E YT,
e P“ =760 MM PT. CT..
V, —00BbéM rasa npy HOpMAIbHBIX Y CIOBUSX (M)
T.=215K
P —armocdepHoe nasienye no 6apoMeTpy (MM pT. CT.);
V. —00BEM rasa rnpu JaHHbIX YCTOBUAX (M)
T =273 k +t” BO Bpems OIbITa.
W3 npuseneHHON GOpMYIbl HAHTH V

1, (R R h)x V,
pT

il

e h — ynpyrocTs BOOSHLIX IAPOB; 3Ta MONpaBka BBEIEHA BCJIEACTBUE TOTIO,
YTO JaBJIEHHE HaJl BOJOM CKIAILIBAETCS M3 MaBJICHNS BOJIOPOAA U BOASHbBIX 11apOB
MPHU JaHHOH TEMIIEpATYPE.

3aTeM BBIYUCIMTE MAcCy BBIAEIUBIIETOCS BOAOPOAA, 3HadA, 9TO OAUH JIUTP
BOZIOpOJa PU HOpMaTbHbIX ycnoBuax BecuT 0,089 1.

3Hasg Maccy MeTajuia U Maccy BBITECHEHHOI'O MM BOIOpOIa, pacCUMTAHTE
MOJITPHYIO MACCY 3KBMBAJICHTA MeTal1a, UCXOMs U3 3aKOHA 3KBUBAJICHTOB:

m (Me)/m (H,) =M, (Me)/ M, (H,); M, (Me)=m (Me) xM_ H,) /m(H,).

Hazosure MeTall, MOJISIpHAS Macca IKBABAJIEHTa KOTOPOIo ObLila BaMi HarIeHa.

Paccawmraiite M, (Me) TeopeTUIeCcKH | HaliiuTe B IPONEHTAX OIIHOKY OIbITA.

X% = (M3 me)reup N M"ﬁ# (ME)EIHII':H) / 1\13 (Me)nup x100%

15



KoHTporbHbie BOMpoOChI

1. JlaTb IOHATHE XNMUYECKOTO IKBUBANIEHTA, ()AKTOpa SKBUBAJIEHTHOCTH.

2. OnpefieneHre SKBUBATIEHTA MPOCTOIO BEILECTRA, CIOMKHBIX BEIIECTB. [Ipuse-
CTH IIPUMEPEI.

3. MonsipHast Macca SKBHBaIeHTa BetnecTsa. Onpenenenue, hopMybl pacuera.

4. ABnseTcs MM MOJIAPHAs Macca SKBHBAJIEHTA BEIECTRA MOCTOSHHOH? OTReET
00OCHYHTE.

5. 3aKOH JKBHBAJICHTOB. POPMYIHPOBKA, MATEMATHYECKOE BBIPAKEHHE.

e
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IlabopaTtopHas pabota Ne 3
CTPOEHWE ATOMA

Henw: Hayuume empoenue arexmponnvix oboiouer anovos. Hayyumuves
UCame 1eKMPOHHbIE (POPMYIbl U US06PAMCAMb 2PAPUUECKU TEKINPOHHYIO
CMPYKmMypy anmo.da.

1. TEOPETUYECKASA YACTb

CoBpemMenmHbie NPEACTABIACHHS 0 CTPOEHHE ATOMA

ATOM TIPE/ICTaBIIAET COOOM CIIOKHYIO SNIEKTPOHEHTPATBHYK MUKPOCHCTEMY
HAXOIAIMXCA B IBIDKEHMY IEMEHTAPHBIX YaCTHUIL

OH COCTOUT U3 MOSTOKHUTENBHO 3aPHKEHHOTO A1pa, B KOTOPOM COCPe0TOYEHA
HOYUTH BC:A MACCa aToma, | OTPULIATENBHO 3aPSDKEHHBIX 3IEKTPOHOB, B COBOKY [THOCTH
O0pasyromuX 31EKTPOHHYIO 000JI04Ky. Snpo COIEPKHUT NMPOTOHBI, HEHTPOHEI U
JAPYTHE SJIEMEHTAPHBIE YACTHIIbI.

HuCno 37IEKTPOHOB B aTOME PaBHO 3apsay €ro aapa. CBOWCTBA aTOMOB OIpe-
ACIHKOTCA 3aPAIOM WX sIiep, YHCIIOM 3JIEKTPOHOB Y UX COCTOSHHEM B aTOME.

JABoWicrBennas npHpoaa >1eKTPOHOB

XapaKkTePHCTUKA COCTOSHMUSA HJIEKTPOHOB B ATOMAaX OCHOBAHA HA ITOTOKEHIN
KBAHTOBOH MEXaHUKU O ABOMCTBEHHON NPHPOIE SNEKTPOHA, 0BNAIAOMIETO OIHO-
BPEMEHHO CBOMCTBAMM YaCTUIIBI U BOJIHBI.

BriepBeie IBOTCTBEHHASA KOPIYCKYIAPHO-BOJIHOBAS pupona ObLIa yCTaHOB-
JIeHa JUIs CBETA.

MccnenoBatue psna sBNeHNH (M3IyYeHNS PACKANEHHBIX Tl goTordpexr,
ATOMHBIE CTIEKTPBI) IPUBEIH K BLIBOIY, YTO SHEPTHS HCITYCKAETCHA M MOTTOIIAETCH
(nepenaéTes) He HeNPEPHIBHO, @ IUCKPETHO, OTHENbHbIMH MOPUHAMH — KBAHTaAMH.
LIPCATIONOXEHHE O KBAHTOBAaHHM 3HEPTHM BIICPBbIe OBUIO BbicKa3zano Makcom
UnankoM (1900 ) u mosxe o6ocHoBaHO AnsbeproM DiHImTEHOM (1905 r).
JHeprus KBaHTa (£) 3aBHCHUT OT Y4aCTOTHI M3/ TyYEHuUs (v):A E=h xv, roe h-
YHHUBEpCabHas TIOCTOsAHHAs (mocTosHHas [lnarka) = 6.63 x 10 [Dx.c.

ITpupapHuBas suepruro GoToHa 2% v K monHOMY 3a11acy €ro SHEpruu me’ u,
YIUTBIBAL, 9TO V = ¢/4 , NIONYYHM COOTHOWICHUE: 1 = h/mc’, BBIpakaromiee
B3aHMMOCBA3b BOTHOBBIX U KOPITY CKYJIAPHBIX CBOMCTB (POTOHA.

B 1924 1. JIyn ne Bpoitas npenonoyKum, 4To IBONCTREHHAS KOPIY CKYJISPHO-
BOJIHOBAs IPUPO/Ja NPUCYTId HE TONBKO M3Y4EHHIO, HO 1 M0OO0M MaTepuaIbHOi
HacTHIE; NPH 3TOM JH000# YacTHOe, MMEIOUeld Maccy m u ABMOXYIMEUCS CO
CKOPOCTBIO V, COOTBETCTBYET BOJIHA ITHHOM A :

A= h/mv —ypasuenue oe bpoiis.
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[Tpu Oonpllod Macce YacTHll, HKAHA E{}HHEI CTAHOBMTCS BeChMa Maﬂ?ﬁ_.
Hanpumep, y 4acTuibl ¢ Maccoy | kr. ABIDKYINEHCH CO ckopocThio 1 cm/c, 4 =
6,6x107 cM. [ToaToMy 0OHApYKUTh BOJIHOBEIE CBOMCTBA Y MaKpO4acTHLL Tp}’II.HCL.
C meusxenueM anexTpona (m = 9,1x102° r, v = 10° cm/c) accounmpyeT BOJIHA UTHHOU

nopsnka 10® cm, T.e.[U1MHA BONHBE! COU3MEPHMA C pasMepamMy aToMOB.

IIpuHOHND HeONpeAeJeHHOCTH

B BOTHOBBIX CBOMCTBAX 3aJI0KeH OIHH M3 NPUHIIUIIOB BOJIHOBON MEXaHHKH —
(MpuHLMI HeonpeaenE€HHOCTH (cooTHoueHns) ['efizendepra (1925 ): 171 MalibiX
TeJ aTOMHOro Macmrabda HeBO3MOKHO OJHOBPEMEHHO TOYHO OMNpPEHCIHThb
[IONOKEHHE YACTUIIL B MPOCTPaHCTBe (T.e. €€ KOOPAUHATHI) U €€ CKOPOCTh (MilH
umnyssc P = myv). Uem TodHee OompesesieHbl KOOPJAWHATBl YaCTHLBI, TEM MCHEE
OMpeneIEHHOM CTAHOBUTCS €€ CKOPOCTh, M HA00OPOT.

Kranropo-MeXaHHYECKOE ONMCcAHMEe aToMAa.

COCTOsIHNE 3JEKTPOHA B aTOME HEINb3s MNPEIACTABUTD KaK NBHIKEHHE
MaTepuanbHOll 4acTHIBl MO KaKOW-TO opOHMTE. B KBAHTOBOH MEXaHUKE
[IpencTaBicHue 00 INEKTPOHHOM OpOrTE 3aMEHEHO NPEACTaBIEHHEM O BEPOATHOCTH
HAXOYKIEHUS SIIEKTPOHA B PA3UUHBLIX 001acTsX npocTpaHcTBa. COBPEMEHHBIM
[[peNCTABIEHUSM OTBEHACT IIOHATHE 00 JMEKTPOHHOM 00IaKe, MIOTHOCTE KOTOPOTO
oTpesiensieTcsa BePOATHOCTLIO IPedbIBaHus A11EKTPOHA. ) |

[TocKkoMbKY HBHJKEHME DJIEKTPOHA B aTOMe MMEET BOJTHOBOHM XapakTep,
KBAHTOBAs MEXAHHKA OMHCHIBAET ero JBIKEHHS B aTOMe Mpu IIOMOLIH Tak
HA3BIBAEMO BOJIHOBOM (yHKIIM ©. B 0011eM ciryyae BOAHOBAs Qy HKLMs 3aBUCUT
OT KOOpAMHAT TPEXMEPHOrO NpOCTpaHCTBa ¥ OT BpeMeHH. i CTauMoHapHOTOo
cocTosHmd = Q(X,y,Z), Tl1e X.V,Z — KOOpAHHATEI TOUKU.

@ p3ruYecKuii CMbIC BOTHOBO#M (yHKINK 00bACHAETCS TPYAHO. OHA ABIIACTCS
dopManbHO TPEXMEPHBIM aHAJIOTOM aMIUTATY/IBI TLTOCKOH BOJIHE].

B nurteparype mwist 0003HaYeHUs COBOKY [THOCTH MOJIOKEHWUH 371€KTPOHA B aTOME
MOJB3YIOTCS MOHATHEM «OpOUTANIEY. )

[IpocTpaHCTBO BOKPYT sJpa, B KOTOPOM HauOoJee BEPOATHO HAXOKICHHE
3JIEKTPOHA, HA3bIBAETCA OPOMTAIIBIO.

DIEKTPOH 001a0aeT TPEMSI CTEIEHAMHE CBOOO/IbI IMOCTYATENBHOTO IBIKEHNIA
(Tp¥ KOOPOMHATHI). 3TO NPHUBOIUT K TOMY, UTO B PELICHUH BOTHOBOIO ypaBHeHHﬁ
MOSBJIAIOTCS TPH BEJIMUUHDI, NPUHUMAIOIINE TOJBKO LIEJIOYUCIIEHHBIE 3HAYSHHA!
1, I, m, KOTOPBIC HA3BIBAIOTCS KEAHMOBYIMU YHCTIAMU.

BosnHoBas §yHKIWSI [TPH 32 JaHHBIX TPEX KBAHTOBBIX YHCIaX (7, /, 111,) HA3bIBACTCS
amomuoil opoumaisro (AQ).

CocrosHue 3NeKTPOHA MIIM OpOHTANs OXHO3HAYHO onpenensdercs HabopoM
KBAHTOBBIX YHCEN 1, [, 71, DTOT BEIBOJ MMEET O0IIee 3HAUEHHE, TAK KaK KBAHTOBBIE
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HHCa ONPENENAIOT COCTOAHUE JIICKTPOHA HE TONBKO B ATOME BONOPOMNA, HO M B
mo00OM JIpYTOM aToME.

B rpagudeckux cxeMax 3MeKTPOHHOrO CTPOSHHS aTOMOB KaXKas opOuTas
obozHavaercsa [] wiu

r———

PaccMOoTprM XapaKkTepHCTHKY KaKI0r0 KRAHTOBOTO Ykc/a. [IIaBHOE KBAHTOBOE
YHCII0 # XapAKTEPHU3YeT SHEPTHIO 3IeKTPOHA Ha OPOMTAIIH, pasMep TIEKTPOHHOTO
obIiaka, T.e. CpeiHee paHabHOE PACCTOSHIE MAKCHMYMA 37Te KTPOHHOH IJIOTHOCTH
NaHHOH aTOMHOM OpOWTaNu OT fIpa, T.e. YHanéHHOCTh 3JICKTPOHA OT siapa;
TOKA3bIBACT HOMEP SHEPTETHUCCKOTO YPOBHA (0pOuTaliH) OT Aapa.

Hucno i npuHUMaeT 3HaYeHNA OT | T0co , 4 IS ATOMOB B HEBO30YK NEHHOM
COCTOSHHM OT | 10 7. «r» He MOXKET paBHATHCH HYJTIO, T.K. TOINIA HEPrus dIeKTpoHa
CTaHET PABHOH 00, UTO HE UMEET (PH3UIECKOTO CMBICIIA.

YpoBHH, OTBeYaIOIIHE 3HATEHUAM KBAHTOBOTO urcia 1,2,3..., 0603Ha9aioTes
e oyksamu K,L,M,.... Ecim n = o0, 1e. JJIEKTPOH YIAIAeTCa HA OECKOHEYHO
O0JIBILOE PACCTOAHUE OT SAPA, EI0 IHEPrUS paBHA padoTe HOHU3ALUU,

n = 1(K) — nepauiil ypogenn;
n = 2(L) — emopoii yposeun;
n = 3(M) — mpemuii yposgenw.

DHEPIHA JIIEKTPOHA B aTOMe KBAHTOBAHA 1 OTIPENIENSIETCS ITABHBIM KBAHTOBAIM
YHCITOM,

Korza roBopsat 06 suepruu AQ, noapazymMesaoT JHEPIHIO 3NEKTPOHA, HaXO, 15~
LHICrOCA Ha 3TOM OpOMTalM. ENUHCTBEHHBIH 2IEKTPOH aToMa BOJAOpOIa OyIeT cTpe-
MUTBCS 3aHATE OPOUTAIL C HAMMEHBLIEH YHeprieii. B 3ToM ciryyae atom BOAOpOJIa
OyIET HaXOMUTHCA B CAMOM YCTONYUBOM COCTOSHUH HITH B OCHOBHOM CO CTOSTHUH.

OCHOBHBIM COCTOSHHEM aTOMHOH CHCTEMBI HA3BIBAETCH COCTOSHHE C HAN-
MEHBILECH ITOTHOU 3HepTHeld. OcTabHbIE BOZMOKHBIE COCTOSHU ATOMA OyIyT BO3-
OyKNEHHBIMU. BO3OYKIEHHBIM COCTOSHUEM ATOMHOM CHCTEMEI Ha3bIBAETCH CO-
CTOAHKE, B KOTOPOM MOTHAS SHEPTHS CUCTEMB! BBIIIE SHEPTUHA 0CHOBHOTIO COCTOS-
HHSL.

Tax Kxax >71exTpoH obJamaeT HAPSALY CO CBOMCTBAMM BOHBI M CBONCTBAMM
MaTepUalbHOM 9aCTUIBI, TO OH 00NanaeT Maccoii 71, CKOPOCTBIO NBIKEHIS vV, H,
HaXOIsiCh Ha pACCTOSHUH 7 OT A1pa, 00NaNaeT MOMEHMOM KOIUYECINGA OGUIiCEHIS
H=mvr.

MoMeHT KOJTHYeCTBA IBIDKEHHS — BTOpas (ITOCe SHEPIUM) XapaKTEPHUCTUKA dIIEK-
TPOHA U BRIDAKACTCA 3Ta XapaKTEPUCTHKA Yepe3 OpOUTAIbHOE KBAHTOBOE YHCTO /.

OpOuransHoe, wiu a3sUMy TAJIbHOE, MU T0G0YHOE KBAHTOBOE THCIO / Xapak-
Tepu3yeT (opMy OpOUTAIH, CIAENOBATENBHO, POPMY 3JIEKTPOHHBIX 00JIAKOB, MOy -
POBEHB SHEPTHH, ONPENEILACT BETHIMHY OPOUTATEHOTO MOMEHTA KOTHYECTBA IBH-
JKEHUA, T.€. [ XapaKkTepU3yeT IHEPreTHIECKOE COCTOSHIE 3JIEKTPOHa B MOTYPOBHE U
(opmy snexTpoHHOrO 06NaKa. DIEKTPOHEL YPOBHS TPYNIMPYIOTCA B TTOAYPOBHH.
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[ MpuHUMAacT 3HAYCHMA OT Omo(n—1),1=012..(n—1).

n=1 =0 KaxIslil YypOBEHB I{ME:E?:-DH[JEHEH@:EIHUE
n==2 [=01 qUCII0 3HaUeHUH [, mpr4EM KaKIblH
n=3 =012 HaYWHAETCS C S-OpOrTaIy.

n=4 I=0123

spdf
[ =1—53T10 p-0pOHUTaIIb;
[ =2 — 310 d-OpOUTAIIE;
[ =3 —2710 f-OpOUATAIL;
/= (} — 310 5-OpOUTAID; o
B mpenelaX 3HEPreTHUECKOr0 YPOBHS 3JIEKTPOHBI pacloiararTe

TI0JTY POBHSM. | ) -
B Kkajk10M KBAaHTOBOM YPOBHE YHUCJIO MOLY POBHEH CTPOTO OTPAHNYEHO U paB

HOMEDY CJIOSL.
i1 =1, 00MH MOLYPOBEHD: §
1 =2, 1BA IOLAYPOBHA. S U P
1 =3, TpU MONYPOBHS: §, p U d

i 3
DT Yucao Obosnaueniie
- 5 60C Opounueits § s
[ aesioe .F_-s.b*fi;ITHH /] ; nooyposHeii 100YPOBIA
XA | :
13
( !
1 0,1 2 “52p
2 Ly g Eo g - %_.-'?
1 0.1,2 7 e Al 0
j ”!f!? 3 4 45 4;[? 4&?} 4?1
LR Rl b

; 5 OpsiaKe X Via-
[TomypOBHH, KaK ¥ SHEPTETHYECKHE YPOBHHU, HyMEPYIOTCA B HOPAI \

JICHUA OT S1pa. |
[TosBIISIOTCA CTielanbHble (POPMYIIbl 3aNKCH:

|5~ 25" 2p §. p — HOMEP NOJYPOBHA R
& 2.2.1{B CTEIEHAX) — YHUCIO 3ACKTPOHOB

HOMED YPOBHS
MakcUMalbHOE YMCIIO NEKTPOHOB HA IMOAYPOBHE CTPOro JMMHUTHPOBAHO
R 2(21+ 1)
s’p°d’f" v paBHO 2 -
OTMeuanock, uto ! xapakTepusyeT GopMy 31eKTpoHHOro obiaxa. Cora
KBAHTOMEXaHUUECKHM pacueTam
s-0pOUTALN UMEIOT CPEePHUECKYIO QOPM Y Q
p-opOuTaI MMEIOT (HOPMY IaHTEIIH <D

d-opbuTaiu UMCIOT QOPMY CIOKHYKO C%)

MarauTHOE KBAHTOBOE UHCIIO M, XapaKTEpPU3yeT OPHCHTALMIO Dpﬁmanz
(371€KTpOHHOr0 00JaKa) B MPOCTPAHCTBE; ONpPENEISIET HAMPABICHUE BEKTOP
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MOMEHTA KOJIMYECTBA IBIDKEHUA, T.€. 3HAYCHHE MPOEKIUH OPOUTAIBHOIO YIJIOBOTO
MOMCHTa Ha BBIACJICHHOE NPOCTPAHCTBO, OMpPEACINET YHCIIO 3JIEKTPOHHBIX
opburaneit ¢ maHHbBIM /.

m=—1...0...+1,ecezo (21+ 1) 3nayenuil.

Qopmyna m,= 2/ + ] onpenenser MakCHMaNIbHOE 9HCO JHEPTETHUYECKHX
COCTOAHMH JTIEKTPOHOB 1S NAHHOTO MOXYPOBHS, T.e. OOIIee YHCITo opouraieii ¢
HaHHBIM /.

Harnpumep, s snextponac =1 m=-1, 0, + I —Tpu 3HAYCHHS H1. 3TO OTBE-

9aeT TPEM PA3NUIHBIM OPHEHTALIAAM P-00J1aKa B IPOCTPAHCTRE, T.e. TPEM OpOMTAISIM:
P.PP.

—%9»}{
y

I'papruecku 311 Tpu opbuTanu n3obpaxarorcs AYEUKaMH,
TakuM 00pasom, s-coctosumio mpr /= 0 oTBeyaeT oqHa opOurans

!=1(p) 1pu p
{=2(d) nars Jd
=3

(f) cenb | 7

|
INEKTPOH 06/1a1a€T M COBCTBEHHBIM MATHUTHEIM MOMEHTOM, [IPECTaBIEHIE

O KOTOPOM BBEIEHO B QU3HMKY B 1925 11 Ynenbexom n [ayncMurom. Jlng monnoro
OTMCAHWA IOBEICHN I/ICKTPOHA BBOIUTCS YeTBEPTOE KBAHTOBOE YHCIIO — CHILHOGO?
7, WK IIPOCTO CAUH. YOPOINEHHO CITHH MOYHO HPEACTABHUTH Kak BpallleHUe

JJICKTPOHA BOKPYT COOCTBEHHOM OCH. m_— XapaKTepHU3yeT MOMEHT KOJIMYeCTBa
ABUKEHUA 3JIEKTPOHa BOKPYT COOCTBEHHOI OCH.

BosMoxHO To1bKO NBA 3HAUCHR M =+ 13,

DNEKTPOHBI ¢ OMHAKOBEIM HaNpaBIIeHHEM BpalICHUS MMEIOT OJUHAKOBBIE
SHA4YCHUA CIMHOB WM, KaK TOBODPAT, HAPAIILIbHbIE CHUH b Tf , ac
HPOTHBOMNONOKHBIMU — PA3HOE 3HAYEHHE CIIMHOB, T.6. aHmunapainetsiie | A

3HATHT, Ha $-ITOJTy POBHE OJIMH IEKTPOH UMEET m =+ )2 aBropoit m =— )3
T.€. MOXKET OBITh TONBKO [BA JIEKTPOHA, HAp — 6 &, d — 102 f—14¢€,

Wrak, 9eTsIpe KBaHTOBLIX Uucha i, /, H1, M_TIOJMHOCTBEO XapaKTePU3YIOT COCTO-
AHME (IBWKEHHE) 3JEKTPOHA B aToMe. KBaHTOBbIE YHCIa ONPENEIIAIOT IHEPTHIO
SJICKTPOHA, pasMep U opMy ero obliaka W CIIMHOBBIH MOMEHT. I[Tpy u3Menennu
COCTOAHNA SIEKTPOHA MEHAIOTCA €TO KBAHTOBBIE YHCITA, T.€. JIEKTPOH IEPEXOMIUT C

OIIHOH aTOMHOM OpOUTaIN Ha APYIYI0, IPU 3TOM HODIOMASTCS HIH He [Ty CKaETCs
KBAHT SHEPTHH.
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MpuHUEEG] H 0CAEJ0BATENLHOCT 3aN0THEHUS
ATOMHBIX OpOHTa/lell B MHOI03/IeKTPOHHOM aTOMe

B MHOTO3JIEKTPOHHOM aTOME UMeeTCA Z 2EKTPOHOB. Cucmﬁﬂﬂé 3.11&}chcher;¢;3_
TAaKKe OJHO3HAYHO ONPEeNenAeTCs EHaIE[E:H_IiHMH KBaHTOBBIX yucen. lipu 351:1%[‘
HUHU aTOMHBIX opOuTaeil 3eKTPOHaMH COOJIFOIAr0TCS cnemgmne [PUHLIY HH B

1. Tpunyun Hayau: B 1925 1. Bonbgranr aynm chopMyJIPOBAJT npumll ETE',I-
aTOME HE MOKET OBITh JBYX JEKTPOHOB C OJMHAKOBBIMH 3HAYCHUAMH BCEX 1

CX KBAHT L.
- RLE;H;;iji;;: [Tayiy ciieayer, YTO Ha OQHOW opOnTany ME}}I{EE“ Ha}.:oﬂ;rr:;z
TOJILKO ABA 2JEKTPOHA € TIPOTUBOIOMOXKHBIMU CTIMHAMHU f % , He Oosee. Ta
SEKTPOHBI HA3bIBAIOTCA CHAPEHHbIMU. | P
EMKOCTB 3HEpreTHIeCKOTO YPOBHS COCTABIISCT 2 /11°

Nn =2 n’.

2. Hpunyun Haumensuied IHepeuu e

PacripeaesieHUe JIEKTPOHOB IO Y POBHAM Dﬁycnmmeﬁ{j ;rpe | mHH.uEﬁ
MYMa SHEPTUN: IJICKTPOHBL B aTOME cTPeMﬂTci{ 3AHATH HGHDthEH_I«ﬂT. C i-ml;m e
JHeprueil, 4uTo OTBEYALT MAKCHMATEHON YCTOHYHBOCTH. HD.E-TDM}* ajnm Ihu H;;Lm"
TAJTH 3AIOTHSIOTCS B [IOPSIKE MOCaeI0BaTEe/IbHOIO BO3PACTAHMA X SHCPIHH, e
Hag ¢ MEPBOTO YPOBHSA 10 CEABMOTO, d ﬂDﬂ}”PE}?HH B HDCHEJGB&TEHBHGCTL; sl, 53 m
B nelicTBUTEIBHOCTH VKa3aHHBIM NOPALOK CODNIOAACTCS T::}:@hﬂ HHHIHEI} b C o
pHoa0B (18 aniemMeHToB). M3 CHeKTpanbHbIX TaHHBIX HDJ’I}’LE'EZ%—[&-?T eIy mm;: \,.;ﬁ;mj
oTpaskarolas MoPsI0K PacipeeneHus JICKTPOHOB B aTOMAXx, T.C. TIOPAIOK )
t YHEPTHU: |
;e?:li 28 EZp'—i 35 <3p<4s <3d<4p <55 <4d <5p < 6s 5’4]’55(1’ <6pu m.@.

Kak BUIHO W3 CXeMbl, HauuHas ¢ 4 nepuoa Mocjie/1oBateabHOCTE 3alJOIHEH A

Tl Jad A,
110ypOBHEH onpeaeIeTcs He TOIbKO 3HaCHNAMH [JIABHOIO KBaHTDBZE};{}:;H{!‘; Tam,
. ' = 2en =225 2p°.
HO ¥ 3HAYEeHUAMH OPOMTAIRHOIO KBAHTOBOIO HHCIA I n=11s;n D

Tpetuit nepuox: Na 1s’2s” 2p°3s’
Ar 15°2s* 2p®3s°3p°

I3 — = 7 eT
ApProHOM 3aKaHYHBACTCA TPETHH IEPHUOIL. Ho mian=31=0,1,2 1.e. cylmecTBy
g 1 - HUS.
emié 5 opouraneit d-coctos B o
3a Arunét K — nepBbiil IpejicTaBUuTeNb Neproza. Ha Kakon noxypoBeHb MOUACT
?
SEKTPOH — Ha 3d uUnu 45" )
E3d > E4s, 1 XOTs B TPETHEM CJI0€ OCTAIOTCS HE3al0NHCHHBIMH, BAKAHTHBIM
: V) 2 §1
naTh Jd-opoutaneil, y Kajaus U Kalblysd 3al0THAIOTCA 4s' U 4s°. AHajoryyHa
KapTHHa OyIeT Npu Iepexosne 0T 4 K 5 NEPUOLy.
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Ha ocHoBe aHanmm3a 3aeucmMocTH SHEPTHH SIIEKTPOHA OT MOPAIKOBOTO HOMEpa

COBETCKUM y4€HblE B.M.Kineukopckuii (1954 r.) chopmynuposan npaBHia
HOCJIEIOBATCILHOCTH 3aCeICHUS ATEKTPOHHBIX 000JI0UeK:

1. CHavana sanonusaores OPOHTATH C MEHBITUM 3HAYECHUEM CYMMEI IMIABHOTO
1 OPOUTANILHOIO KBAHTOBOIO YHCITA (#1 +1) —nepeoe npasu.1o Kieuxoecrkozo.

2. IIpn 0/IMHAKOBBIX 3HAYEHHUSX CYMMBI (1 +[) B IEpBYIO OYEpe b 3aTIOMHAIOTCS

GPEHTEHH C MEHBIIMM 3HAYEC HUEM TJIABHOTO KBAHTOBOTO YHCTIA 7 —

8HIOPOC NPABU.T0
Kiaeurkoeckozo.,

Paccmotpennoe snexTpontoe ctpoenue K u Ca coorsercTByeT IpaBUIY
Kieukosekoro. [lng 4s-opburamm n = 4,1=0(n+l) =4, a nua 3d-opGuranu n = 3,
[ =2 (n+l) = 5. [TosTOMY 45 3an0nHgeTCS passuIe, yem 3d.

| 4 3
CDUTDHI—[HE 35 3]3' S3d ds 4p 4d 4t 55 Sp
. 340 | 340 | 342 | 440 | 4+1 | 442 | 4+3 | 540 | 547
3 4 3 4 3 &) 7 3 6

M3 tabmuusl Bunno, yto 3d (n + 1= 5) 3anonHsgeTcs moce 4s, 3d, 5s umeror
OIMHAKOBYIO CYMMY (n + ]), HO cornachHo BTOpOMY NpaBuily KieykoBckoro 6vaer
WATH 3aTIOJTHEHHE OT MEHBIIETO N K OoTbIIeMy

3d—»4p—»Ss,

Hanpumep, gatnnas ¢ 21-ro saeMenTa ckamis sanonHseTced 3d, XoTs umeeTcs

niBa BeIOOpadp (4 +1=5)u3d (3 +2=75)— JEUCTBYET 2-0€ npaBwiIon=3 <n=4. Cr

1 CU COCTABAAIOT UCKIIOYEHNE, 1T HIX HAGIIOnaeTes «ITPOBAN» U

M €TIPOCKOK
OMHOTO 3:1EKTPOHA ¢ 4s° — opOHTanH Ha 3d — 0p6uTaTb. [1ONHOCTLIO 5d-o0o0mouka
3alonHeHa y Zn. Y ranua HauHET 3anONHITECS 4p-opOHTANE.

Sc 4s°3d' 4p’ Cu 4s'3d"

Ti 4s°3d° Zn 4s°3d"

V 4s°3d° Ga 4s’3d"4p’
Cr? 4s'3d°

Mn 4s°3d°

* Cr, Cu, Mo, Hb, Ru, Pd, Ag, Pt, Au
¥ — 014 smux amomos nabodaemes HPOCKOK 3.1eKMpPOHAQ.

CylmiecTByIOT ABa YCINOBHBIX CIIOCO64 M300pakeHNsT 3aCeNEHHOCTH
JJIEKTPOHHBIX 000I0YEK ATOMOB:

1. B Buze sneKTpOHEEIX hopMmyIL, Hanpumep: 15°2s22p°,
2. B popme kBaHTOBBIX Tyeek — rpaudeckuii criocos.

I. B nepBom criocobGe cHayama MUIeTcs: CHMBOT COOTBETCTBYFOIIEH 3TEKT-
POHHOM 00OJIOYKH, a B BHIE MIOKA3ATE/S CTECHH 13 00pakaeTcsa IUCIO 3IEKTPO-
HOB Ha TaHHOH 000y0uke. CyMMa BEPXHIX HHIEKCOB MOBKHA PaBHATBCS MOPSAIIKO-
BOMY HOMEpY 3JIEMEeHTa. HenoCTaTKOM 3J1eKTPOHHbIX (GOPMYI ABIFETCH HCTIONB30-
BaHHE TOJIBKO IBYX KBAHTOBLIX UMcen#H ul.
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7 BoJee MOJTHO OMKUCHIBAET COCTOSHUE IIEKTPOHOB B aTOMaxX METO KBAHTO-
BbIX TUYeEeK, UCIOJIb3YIOLIMI BCE YEThIPE KBAaHTOBBIX 1HC/IA. Kaxaoi sueiike oTBeYa-
eT onpeaenéHHas opOuTaib, SAEKTPOH H30 OpaykaeTcs B BUIE CTPEJIKHM, a HarpasJie-
H¥e CTPEJIKM OJALETBOPSET CIIMHOBOE KBAHTOBOE HHCTIO.

S-COCTOSHMIO OTBEYAET OJIHA OPOUTATIB
Pm,=(21+1) 1pH

d MATh

f CeMb

acenenie KBAHTOBbIX queek (opouTasieit) moquuHseTes mpasuny 1 ynia (XyH-
na); Ha aTOMHBIX OpOMTamAX 3IEKTPOHbI CTPEMATCA DACIIONOKUTHCA TAK, YTOOBI
COXPaHUIOCH HAUOOMbIIIEE YHCHO AIEKTPOHOR € Napajiie/ibHbIM CITUHOM. T.€. fIpa-
BU0 'VHIA YUUTBIBACT AL .

Takas HA€KTPOHHAs KOHQUrYpalig aToMa OyzeT COOTBETCTBOBATh HAHMEHb-
e SHEPrun.

Cornacto opasuiy ['yHIa 91eKTPOHbl CHadalia 3aHUMarT cBOOOIHBIE OPON-
TATH IO OJHOMY. 00pazys KOH(PUIYpauuy ¢ MaxCHMaabHbIM HUCIOM HECHapeH-
HBIX HIEKTPOHOB, TOJIBKO OCTIE ITOT0 NPOUCXOAUT CIIAPHBAHKE SACKTPOHOB. Hrak,
[{pM COCTaBIEHUH 3JICKTPOHHBIX hopMyIl CIeAYET HCXOMUTH U3 TOTO, 1TO!

1. TTopAAKOBbII HOMED 3NEMEHTa YKA3BIBACT Ha 3apAll AIpa €ro aromMa ¥ 00-
11e¢ YUCJIQ 3JIEKTPOHOB.

2. Homep nmepuoaa COOTRBETCTBYET KOJIMYECTBY IHEPTCTHHCCKHX VPDOBHEH B
ATOME.

3, HoMep TDYNnbI OTBEUAST YACHY BaleHTHbIX SJIEKTPOHOB, T.C. 3NEKTPOROB,
VYACTBYIOMINX B 00Pa3OBaHNi XHMIICCKHX CBAZCH.

IneMEHTbL, Y KOTOPbIX 3aCTpanBaroTCA 2JICKTPOHAMHE s-0pGHTaIM HAPYZKHOTO
YHEPTEeTHYECKOTO YPOBHS, HAa3bIBAOTCS S-2ICMCHTAMH. K s-ceMeHMCTBY OTHOCHTCH
sneMenTsl riapaprx moarpy 2 u 1 rpyan [CS. P-ceMenCTBO — 3IEMEHTDI [IABHbIX
qoarpyni 3 ¥ 8, d-CeMenCTBO — JICMEHThI 11060Y HBIX MOATPYII, B aTOMaX KOTOPBIX
saronHsroTea d-opOrTan MMPeANoCiIeHETO JHEPreTHHECKOTO YPOBHA. F-cemeii-
CTBO — TAHTAHOUILI 1 aKTHHOWILI.

KoHTpOMnbHbIE BOMPOCHI

JIBoficTREHHAS IPUPOJIA HIEKTPOHA. YPaBHEHHE 1€ bpoiins.
CrieKTphl ATOMOB, KaK MCTOYHHIK HHpOpMali 00 X CTPOEHHUH.
TIpMHLMI HEONPENENEHHOCTH ['eifzendepra.
KBaHTOBbBIE YHCA.
OCcHOBHBIE MPUHLIMIILL 3aNI0THEHNA 3JICKTPOHAMY opOuTaieil (IIPHUHIKI
[Taysti, TPUHIAN HAUMEHbIIEH SHEPIyH, NPaBiilo XyHa).

6. DnexTpoHHbIE QOPMYITBL U 3MEKTPOHHO-TpadUIeCcKe CXEMbI CTPOCHHA
aTOMOB.

s Jard Q-

1}J1

4,

Rt

7. O ' i
Hpeﬂfﬂeme BAJICHTHBIX BO3SMOKHOCTEH 3NEMEHTA, MCXONS M3 CTPOEHHS
SJIEKTPOHHBIX 0D0IOYEK aTOMA. |

8. XapakTepUCTHKa CBOMCTB IEMEHTA 10 er0 OJI0KEHHEO B HC3

Ilnan xapakTepucTHKA 3/1eMenTA

L. [lepuo, rpymma, cemeiicTro, NOArpYyIIa.

2. 5
| Iopsinkoserii Homep anementa B IICD. HaspaTh 3eMeHT. Obruee yuesno
JIICKTPOHOB, TPOTOHOB, HEUTPOHOB.

3. 3anucaTh MEKTPOHHYIO ¢ | 0
) OpPMYJTY ¥ U300pasuTh rpaduueck
r - ..I i E ‘1 |
BIEKTPOHHBIX 0D0JIOYEK. : P

4. |
) Yxasars EEJIE‘HTHLIE SJICKTPOHBI, PACIOJIOKEHHE HMX MO sSYyelikaM B
OPMaJIbHOM M BO30YKIEHHOM COCTOAHMAX. CTHHBAIEHTHOCTE

5. CBoiicTBa 3JieMeHT
a (MEeTauI, HeMeTajl, MHe 5
1 13
O — , PTHBIM Ta3, OKHUCIUTEND,
S. i!ﬂpmyﬂa BBLICLICI'0 OKCUAIA, €r0 XUMHUYECKas XapaKTePUCTHKA
- "WOPMYJIa PHIPOKCHIIA, €ro XUMUYECKask XapaKTePUCTHKA.
8. DopMyIa BONOPOIHOTO CORTMHEHNS S- U p-3JIeMEHTAa.
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OINPEAEJEHUE MOJISIPHOM MACCB] SKBUBAJIEHTA METAJLTA

Llesis paboter: Ocsoenne ra3oOMeTPHYECKOTO MeTo 1A

M3YVYEHHA XUMHUYECKIX
[IPOLIECCOB Ha IPHMEpE OMpeIeTeHNs MOJIAPHOM Macchl

JKBUBAaNeHTa MeTalIa.
KPATKHME TEOPETUYECKUE OC HOBbLI PABOTBI

JKBHBAICHTOM Ha3 LIBAETCH:
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PaKTOP IKBUBANCHTHOCTH
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i

1 €€ pasMepHOCTh

3aKOH YKBUBAIEHTOR

U 20 MAMEMAMUYeCKOe GOIDANCCH U
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HUcenenyeman peakims i MOJICKYIBIPHOM B¢
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Boccranonnenme

DaKTOp IKBUBATICHTHOCTH

OKBHBAJIEHT MeTaIUIa

Teoperuueckoe snagenne MOJIIDHOM MacChl 3KBHBATEHTE METAILIA

>




SKCIIEPUMEHTAJIBHBIE JAHHBIE U PE3YJIBTATDI

PACYHETOB
3HayeHue,
s b Obo3HayeHue el 3HaucHue
pacueTHaA BETHIHHA iy
m (Me)
Macca MeTania (
Temmneparypa [
v
W cX0AHBIA YDPOBEHD BOJILI 1
J ) V?
KoueuHslil YPOBEHE BOIbI 2
; -5 V:V'p-'v
OOBEM razoBoy CMECH gy
: Vo(H>)
O0BEM BOIOPOaA (H.Y.) Mgt
F
Arvoceproe AaBacHHE
[TapiuanbHoe JHapicHue h
MapoB BO/EI
MoJjspHas macca Mos(H2)
IKBUBAIEHTA BOAOPOIA
DIKBUBAJCHTHBIH 00BEM Vo (1)
BOI0OPOIa .
m { )
Macca Botopoia (
DKCIEPUMEHTAJIBHOC o
3HAYeHNe MOSIPHOH MacChl MM
YKBHBAJIEHTA MeTaija
. n
BaneHTHOCTh METAJLIA
DKCITEPUMEHTAIBHOE
3HAUCHUE MOJSPHOH MACCHI M(Me)are
ATOMOB MeTanaa (aTOMHOH
MaCCHhI)
Teoperuyeckoe 3Ha4cHHe |
MOJISPHOM MACCHI Ms(Me)reop
JKBHBA/IEHTA METa/llla
OTHocuTelbHas onmnoOxa a

1

Beiroa:

COLAEPXAHUE

Jlabopamopnas paboma Ne |

-

l-—-—l-l--.-——-a—I—n---u——---u—-—----n—._-——m__u..- J

I.1. Knaccuduxanms seopranmuecimx COCTUHEHMH =mmmmemmmm e 3

1.2. Kucnote! 1 ocHOBaHMUS (THOPOKCHIIBL) mmmmmmmmmsm e o e §
2. SKCTIEPUMEHTAJIBHA 1 YACTh R R
2.1. TIOMYGCHUE KHMCHOT mmmmmmmsm e e 6
2.2. [TOMy e HHE OCHOBARMM ~mm=mmmmmmmmm e 6
2.3. loyuenne conei e e e ]
KoHTponsHbIe BOpock! 1 yIpa)KHE HUA
Jlabopamopnas paboma Ne 2
ONPEJAEJIEHHUE MOJISPHOM MACCBI
IKBUBAJIEHTA METAJIJIA e
1. TEOPETHYECKA S YAC T <wssasssiiss s mmmm————————————
2. OKCTIEPUMEHTAJIBHA Sl YACTD =emmemmmmem e 12
KOHTPOITEHBIE BOMPOCEI mmmmmsmemmem e oo 14
Jlabopamopnas paboma Ne 3
CTPOEHUE ATOMA e
L. TEOPETHNEORAS UATCTE, wesmssescmssmmss e

CoBpeMeHHEbIe fpeacTaBieHns o CTPOCHHU ATOMA wmmm e e i
HBOACTBEHHAS IPUPOJA IMEKTPOHOB  =mmmmmmmmm e e e e
lpuauwmn neonpenenennocTn
KBaHTOBO-MEXAHHYECKOE OMHCAHME ATOM ~eemmmmmeme e e
HpuHumIe! u mocneaoBaTeHOCTE 1aMONHE s
ATOMHBIX OpOUTANICH B MHOTOYVICK IPOHHOM ATOME
KOHTPOJILHBIC BONPOCKI wwnmnnane.
[Lnan xapakrepuctukm siemerra
JUTEPATYPA «cccvevennnnn - )
IIPUTTOTCEHME ccoconiscvsmsonannnanennecnnnss st as mm e

~--8

N |

)

'

el N e |




denepanbHOe areHTCTBO No 06pasoBaHuno

BnaavMBOCTOKCKUI roCy4apCTBEHHbIA YHUBEPCUTET
3KOHOMUWKK U cepBuca

T.K. MUXAJIBYEHKO

XUMUA

XuMuuyeckue npouecchkl B pacTtBopax

IIpakmuxym
10 0011EH U HEOPraHUYECKOW XUMUHU

BrnaauBOCTOK
WN3pnaTtenbctBo BIMY3C
2020




BbK 24
M 69

Penensentsr: H.K. Illamuna, kaHg xum. Hayk,
npogeccop (YI'TIN);
benoyc JI.B., kann. xum. Hayk,
noueHT (BI'Y3C)

Muxaabyenko, T.K.

M 69 XHMMMS: xumudeckue mpomeccs B pacTBOpax: IpaKTH-
KyM mo obmied u Heopranuueckoit xumuu / T.K. Mu-
Xanb4eHKO. — Biaagusocrok: H3n-80 BI'YAC, 2020. — 32 c.

JLaHHbIH NPAKTUKYM SBJISETCA PYKOBOACTBOM K J1ab0paTOpHLIM pa-
0oTaM, COCTaBJIEH Ha OCHOBE IIpOrpaMMBel Kypca XHUMHH.

I1o cBoemy comepkanmio pabota OXBaThIBACT JUIIL YACTE nabopa-
TOPHOTO MPAaKTHKYMa: ONPENENIeHHe KOHLEHTPALUUU PACTBOPOB, HOH-
HBIC IIPOLCCCRI; THIPOIIM3 COJICH; KOMIUIEKCHBLIC COC/IMHEHNS, OKUCIIH-
TCIBHO-BOCCTAHOBUTENILHBIE peakiuu. Jlansl KpaTkue Teoperuueckue
CBENICHMs, TOAPOOHO ONMHUCAHBI METOAMKA M TEXHUKA BbITOIHEHUS

OMBITOB MNOJYMHKPOMETOJOM, INPUBEACHBI TaOJIMIILI, K KaXIol J1abo-
paTopHOH paboTe JaHbl KOHTPOJIBHLIC BONPOCH M 3a/auy IS caMo-
KOHTPOJIS, CIMCOK JIUTEPATYPHI.
JUTs CTyIEHTOB HEXMMHYECKHX CHEMAILHOCTEH BRICIINX y4eOHBIX
3aBEAECHUM.
bbK 24

ITeyaraercs no pemenmo PHCO BV
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NIABOPATOPHAA PABOTA

Onpe,qeneHue KOHLUEeHTpPpauun pacrBopoB

Ljenv pabomwi: TO3HAKOMUTHCHA C ONpEJeNeHUEM KOHIEHTpAIlHM pac-

TBOPOB METOLOM TUTPOBAHMUS.
Peaxmuewi: consiHas kucnoTa 0,1 H, THAPOKCUI HATPHS, METHIOPAHK.
IIpubopwi: mraTuB BynseHa, Oropetka Ha 50 M, muTIeTKa Ha 25 MJI, KO-

Hu4Yeckue koyiosl Ha 100 M.

1.TeopeTuueckas 4yactb

Konyenmpayus. OTHOIIEHWE KOJIWYECTBA WIM MAcCChI BEIIECTBA, COMED-

KAIIETrocss B CUCTEME, K 00BEMY WIM Macce 3TOi CHCTEMBI Ha3bIBAKOT KOH-
LEHTpalmen. M3BeCTHO HECKOJIBKO CIIOCOO0B BhIpa)KEHHUA KOHIIEHTPALIUH.

Monapnas xonyenmpayus C — OTHOIIEHHE KOJIMYECTBA BemIECTBa (B MO-
JISX), COEpXKAIIErocs B cUcTeMe (HalpuMep, B pacTBope), K 00béMy V 310l
cucTeMsl. EXMHULLI U3MepeHHs MOJIAPHON KOHLEHTPALMH MOJB/M® (HONbHAs
npoussonsas, CH — mons/n). Hampumep, C (H,SO4) = 1 mons/n, C (KOH) =
0,5 mons/n. PacTBOp, MMEOMMN KOHIEHTPALMIO | MOJB/JI, HAa3bIBAIOT MOJLSID-
HBIM pPAacTBOPOM M 0003Ha4aldT 1M pacTBOp; COOTBETCTBEHHO pacTBOp,
AMEIoMi KoHueHTpauuo 0,5 mons/n, obo3nagaror 0,5 M.

Monspnas xonyenmpayus skeusanenma C3k (HOpMasibHas KOHIIEHTpA-
IIHA) — 3TO OTHOLIEHUE KOJMMYECTBA BEIIECTBA IKBUBAIEHTA (MOJB) K 00BEMY
pactBopa (). EnuHuMna U3MEpeHHs HOPMAIbHOM KOHIIEHTPAIHH MOJIb/TI
(monbHas npoussonnas, CH). Hanpumep, Cax (KOH) = 1moms/i1, Cak (/> H,
SO4) = 1 mons/n, Cax (‘/3 AICI;) = 1Monb/m.

PacTtBOp, B OZIHOM JTUTPE KOTOPOTO COAEPKUTCH 1 MOJIb 3KBHBAJIECHTA BE-
INECTBA, HA3hIBAIOT HOPMAJILHBIM M 0003Ha4garT 1H. COOTBETCTBEHHO MOTYT
ObITh 1H, 0,1H, 0,01H 1 T.11. pacTBOPBHI.

Monanbocme b — OTHOIIEHME KOJIUYECTBA PACTBOPEHHOTO BEMIECTBa (B
MOJIIX) K Macce m pacrteoputend. EnuHuna u3MepeHMs MOIUIBHOCTH
mons/kr. Hanpumep, b(HCI / H, O) = 2 Moaw/Kr.

Monspuas donss — OTHOILIEHHE KOJMYECTBA BEMIECTBA HAHHOIO KOMIIOHEHTA

(B MOJIIX), COZIEpKalIErocs B CHCTEME, K 00IEMy KOMYECTBY BemecTsa (B MO-
J19X). MospHas 1o/ MOXeT OBbITh BBIpa&)KEeHA B JOJAX €IMHHMLIBI, IIpoLeHTax %o,
MPOMULIE (TBICAIHASE 4acTh %) ¥ B MAJUTHOHHBIX J0JLAX (MIH. ).

Maccoeas Oonsa — OTHOIIEHHE MAcChl MAHHOIO KOMIIOHEHTA, COHEpIKa-

IIErocs B cUCTeMe, K obmel macce 3Tol cucremsl. MaccoBas KON MOMKET
OBITH BEIpaXKEHA B JOJAX €IUHUIILI, IPOLIEHTAX %, MPOMUILIE U MILIHOHHBIX
nomax. MaccoBasg [OOMA [aHHOTO KOMIIOHEHTa, BhIpa)KEHHAsdA B NPONEHTAaX,
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TOKa3bIBACT, CKOJIBKO I'PaMMOB HaHHOIO KOMITOHEHTa cozep:kurcs B 100 r
pacTBopa.

Obvémnas Qoist — OTHOHIEHHWE 00BEMA KOMIIOHEHTA, COJCPIKAIIErocs B
cucteme, K obmemy 00bEMyY cucTeMbl. OOBEMHAS JI0JISI MOXKET OBITH BBIpa-
JK€Ha B JTOJSIX €IHWHHUIIBI, POLEHTAX, IPOMUIIIE U MULIHOHHBIX J10JSX.

Maccosas xonyenmpayus — OTHOIIEHUE MACCHl KOMIIOHEHTA, cozepixa-

IIIETOCS B CUCTEME (pacTBope), K 00bEMY HTGH CACTEMBI (pEICTBDpa) Enuanmna
M3MEpPEHUS MacCOBOM KOHIIEHTPAIMH — KT /M, KI/IM®, KI/CM™" I/IM° | T/11.

lTump pacmeopa T — Macca BellecTBa, COASPKAIIETOCS B OMHOM KyOH-
4ECKOM caxmmerpe I B OIHOM MHIUIMIUTPE pacTBopa. EnuHuna m3Mepe-
HUS THUTPA — KI/CM™ T/cM”” T/MIT.

M3 Becex crocodoB yaoOHOMN ABISAETCS MOJIPHAS KOHIIEHTPAIUS YKBUBA-
JIeHTa (HOpMajibHas KOHIIEHTpalys), Tak Kak B moOoi XuMHYECKoM peakmm
BCE BEMIECTBd PEArupyrT OPYr C APYIrOM B SKBUBAJEHTHBIX KOJUYECTBAX.
Maccer ywacmeytowux 6 peakyuu seujecmes NPONOPYUOHAILHBI MONAPHBIM
Maccam ux sKeUGAIeHmos (3aKOH HKBUBANEHTOB). OHAKO, 3HAsA WIH ONpee-
JINB KOHLICHTPRLWIO pacTBOpa 1o 0AHOMY 13 croco0oB, JICIKO MOMXHO nepe-
CHUTATHL PEIVIILTAT 110 JIIOO0N cucTeme.

[Hpusep. Paccuntalte MOJSPHYIO KOHICHTPAIMIO HYKBUBAJIeHTa (HOP-
MAILHYIO) THTP M M2CCOBYIO J1oJio (B %) H, SO, 8 2ZM pactsope, mi0oTHOCTE
kotoporo 1,12 r/em’

Pewenue. a) Mossipaas macca H,SO, pagra 98 /Mo, Mosspras Mac-
ca SKBUBaNEHTa H,50 B KUCIOTHO-OCHOBHON peakumn pasta 49 1/mMos,
cinepoBatenbHo, otHomenue M(H,SOy4) / Mo (H,S0,) -+ 2. Tak kak |M pac-
TBOp H,50, coaepkuT 1Ba MOJIS SKBHBAJICHTA KUCHOTHL, i 2M pactBop 4eThi-
pe€, pacTBOp OyAET YEeTHIPEXHOPMAJIBHBIN (4 1),

0) Mns ompenenenus tutpa 2 M pactsopa H,S50, naxouum macey xu-
CJIOTBI, INPUXOIAIIYIOCH HAa OAUH MUJUIMIHTP pactsopa. M pacreop comep-
KUt 196 r H, SO4 B 1000Ma. Cneposarennio, n | Mo PACTROPA COACPIKUTCA
196 /1000 = 0,196 T H, SO v T = 0,196 1/mi1

B) g oIlpenelaeHuss MaccoBoi noiau (n “u) HLS0), neoOXonumMo HadTH
Maccy onHoro mutpa 2 M pacrteopa H, 50,

m=V.p=1000.1,12~1120

SHHH; HTO B JINTPE 2 M PIIL"I'IH!“;I KHCIOTRE COACPKHTCH 196 r HESO:L
ompeneieM Maccy KMCIoThl B 100 1 pucrnopn
1120 r pactBOpa comepxar 196 1 Kue o

100 »  « (« X ( ( A= ITST

ChenoBarebHo, MACCORMSE JIOMN KHMCHO TR B Pac tnope coctassier 17.5%.

Takum o0paszom, Hpu HPHIEOTORICHIE PACEROPA, TPEKIC BCETo, peimna-
€TCA BONPOC O CHCTEME HLIPUMEHMNE KOMUEHEPALIMN, T0HTeM BLITIOJHIFOTCS

HEOOXOAMMbIE BBIYHCICHHUA, B3BEIIMUBAOTCS WM OTMEPSIOTCS HEOOXOIUMBIE
KOJIMYECTBA BEIIECTBA U PACTBOPSIOTCS B HYKHOM 00BEME PACTBOPUTEIIS.

Jist onpeaeneHys KOHUEHTPALMUA yXKe FOTOBOTO peakTHBA CYIIECTBYET
HECKOJIbKO crocoboB. Cpend HUX MPOCTBIM B BBIITOJHEHMHM M JOCTATOYHO
TOYHBIM SBJISIFOTCS OOBEMHBIE METOIBLI, OCHOBAHHLIE HAa PEAKLMAX MEXKIY
SIEKTPOJIMTAMHU, KOTOpBIE IPOTEKarT 10 koHUA. [lo Thmy peakuwit oObem-
Hbl€ METOABLI MOI'YT ObITH pazOdWTHI HA JIBE TPYIIILI, 00BeAuHAIOIUE: 1) o1-
peneneHusa, OCHOBaHHBIE HA peakIUAX COCIUHEHUS WOHOB (METON HEHMTpasIH-
3allii, METOH OCAKIACHUS W KOMIUIEKCO0DOpaszoBaHus), 2) OmNpele/ieHud, oc-
HOBAaHHBIE HA pPeakLMAX Mepeladyu dJIEKTPOHOB OT OJHOTO aToMa Wi MOHA K
npyromy (T.e. pazHooOpaszHbie Peakiii OKUCIEHUS- BOCCTAHOBJICHM).

CyIHOCTE OCHOBHOIO IIpuemMa O0BEMHOIO0 METOAa — THTPOBAHUS, 3aKIFO-
4aeTcsd B TOM, YTO K TOYHO OTMEPEHHOMY 00BEMY ONPEaeasieMOoro pacTropa I1o-
CTEIMEeHHO TPWIMBAIOT U3 OropeTky padouuii pacTBOpP ¢ TOYHO H3BECTHOW KOH-
HedTpanyiei 10 TeX 1op, Ioka He JOCTUIHYT TOUYKY SKBUBAICHTHOCTH.

TouKy SKBUBANEHTHOCTH PErUCTPHPYIOT MO Pa3AYHBIM IPH3HAKAM: I10
U3MEHEHHUID OKPAacKd TUTPYEMOI'0 pacTBOpa, 110 BHEINAACHHUIO OCANKa, a 4Yalle
BCEr0 10 M3MEHEHMFIO OKpacKy MHAuKaropa. B Tex ciyvasx, Korja pacTBOPHI B
3KBUBAJIEHTHOM TOYKE CBOEW OKPACKW HE U3MEHANT, B PACTBOP BBOAST BCITOMO-
raTejibHbIC BEIECTBA — MHIAUKATOPLI, 10 U3MEHEHUIO OKPACKH KOTOPBIX CYIAT O
3aBepIueHuy peakupy. llocime TuTpoBaHus M3MEPSIOT TI0 BropeTke 00BeM pabo-
Yero pacTBOPA 3aTPAYCHHOTO HA PEAKIINIO U HENIAK0T pacueThl.

B 3KBHBAIEHTHOH TOYKE MACChl YYACTBYIOIMX B peakiiid BEIECTB MpO-
MTOPIHOHAIBHEI MOJISIPHBIM MaccaMm UX SKBUBAJIEHTOB (3aKOH 3KBUBAJIEHTOB):

m; /m »-M>s;/ M3,

JI1d pearupyviommx BEIIeCTB, HAXOMAUIUMXCS B PACTBOPE, 3aKOH 3KBUBA-
JICHTOB 3aIIMCHIBAIOT CJIEAYIOIIUM 00pa3oMm:

Cok(y)-Vi=Cak(,) -VounuH," V,=H, -V,

rie Cok(;) u Cak(y) — MONAPHBIE KOHLEHTPALMK SKBHUBATIEHTOB PACTBOPOB KN
H;, u H,— HOpManbHbIC KOHUEHTpalMy;, V, U V,;— 00BbEMBI pearupyrolux Be-
IECTB Oyaronapsa 4eMy MOYKHO ITPOU3BECTH HEOOXOMUMBIE BhIUMCIICHYS.

IlycTe MOIApHas KOHIEHTpalUus dKBUBAJIEHTa (HOpMaJIbHAA KOHIIEHTpa-
nust) pabouero pacteopa H,; o0vem ero, nomenmyii Ha TUTPORaHuUE V; MO-
JsipHasi KOHIEHTpalws >KBUBaJeHTa (HOpMaJlbHAs KOHILIEHTpallud) OIpenc-
agaeMmoro pacteopa H, 1 00bseM ero V.

H,
— MOJIAPHAsA Macca 3KBUBalIeHTa BenlecTea B 1 Mir pabodero pactBopa;
1000
H'l
1000 ~ MOJfpHagi macca JKBUBANEHTAa BEIIECTBA B IMJT ompenensieMoro

pacTBOpA,



H,

1000 ho— MOJIIpHasg Macca SKBUBAJICHTa BEIIECTBA pabOuYero pacrTeopa,

BCTYIIMBIICIO B PEAKLIHIO;

H
2 1
1000 I/E — MOJIIpHasA Macca JKBHBAJICHTA BEIEeCcTBA OHLPEIACIIHCMOro pearcH-

Ta B DKBHBAJICHTHOM TOYKE.
‘F‘{I : I/a - H E'J;fﬂ
1000 1000

M3 momy9eHHOTO paBeHCTBA JIETKO TIOACYUTATE KOHIEHTPALIHIO HCCIIeIyeMo-
O BCIECTBA W BBIPA3UTh €€ JIHOO Yepes HOPMalbHOCTb, MO0 Yepes THUTP,
nubo B ApYrux eauHulax;

B 3KBHUBaJICHTHOH TOYKE ,orcroga ;- V= H, .V,

- H - o (MR
ey I L, i 2
HE S !)‘ 5 T L -
rjae 9 -— MoJspHas Macca SKBUBAICHTA MCCIELyEMOTO BEIECTRA.

2. JKCNepuMeHTanbLHas 4yacTthb

2.1. Onpejeernne KOHNENTPANHKR PACTBOPA HIETOYH
Onpejie/icHie KOHLEHTPALMK pacTBOpa IIEN0YM OCHOBAHO Ha PCaKLiHK

HelTpammsamu (OH + OH = H7O) 1 BRINOIHACTCS CAEAYIOUIMM 00PA30M.

4HUCTO BBEIMBITYIO OIOPETKY YCTAHOBHTE BEPTUKAILHO B 3RKUME IITATUBA
M OITOJIOCHYTb HEOOJBIIUM KOJHYECTROM TOTO pacTBOpa KMCJIOTBI, KOTOPbIH
OyJeT 3aTeM HallUBaThCs B OIOpeTKy.

B O1opeTky HalMBAIOT pacTBOpP KHCIOThI HM3BECTHOMN KOHIEHTPALMH
(HOPMaJIbHOCTH) M YCTAHABIMBAIOT YPOBEHL PACTBOPA HA HYJIEBOM TEIeHUY,
CHUTAA II0 HMXKHEMY MEHUCKY. IIpH 3ToM o0pamiaroT BHHMaHUe Ha TO, YTOORI
KOHYMK OIOpeTKH OBl 3aM0JIHEH PacTBOPOM M HE COIEpKal My3BIPEKOB BO3-
noyxa.

HHCTOH MHMETKOM 3acachiBAOT HEMHOIO HCCIIEIYEMOTO pacTBopa I'Mi-
POKCHIA HATPHUA H, OTIONOCHYB MM BHYTPEHHIOIO TIOBEPXHOCTH NUMIETKH, BbI-
JIMBAIOT PACTBOD B paKOBHHY. llocie 3TOT0O IMUNEeTKOM OTMEPHBAIOT TOUHBIM
00BEM pacTBOpPA IEI0YM M BBUIABAIOT X0 B KOHUIECKYIO K0JIOY, NpuDaBuUB X
pacTBOpy 1—2 Kari HHAMKATOPa METUIPOTA WM METHIOPAHIKA.

Konby ¢ oTMepeHHEIM 00BEMOM THAPOKCHIA HATPHA IOMELIAOT MOX
OHOPETKY M HOCTENEHHO U3 BIOPETKH MPHOABISIOT PACTBOP KHUCIOTHI pu He-
PEPEIBHOM ITOMEIINBAHUU pacTBOpa. PacTBOp KMCIOTEI MPpHOABISIOT 10 TeX
[1Op, II0Ka OT OJHOM TIOCHENHel Karulu OKpacka pacTBOpa u3Mmenutcsd. [Tocie
3TOT0 OTMEYAIOT YPOBEHB PACTBOPA KUCIOTHI B GropeTKe.
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3areM B OMOpETKY CHOBa [OJIUBAKOT PACTBOP KHUCIOTBHI 10 HYJIEBOTO

ypoBHA. Koyly 0r1ojackKuBarT BOOOH W CHOBA OTMEPHUBAXOT B HEE ITHUITETKOM
pacTBOp INEJI0YM U IPUOABISIOT HHIOMUKATOP. THUTPOBAHUE ITOBTOPSIOT 3—

4 paza. Pesgynprarsl 3amuchiBaroT B Tabmuiy. JlaHHBIE C OTKIIOHEHHEM 0oJiee
0,2 MII B pacueT He TTPUHUMAI0TCH.

Tabnuua 2.1
lanHble ONBITA
No O0BEM HcCIenyeMOoro pac- (O0beM pacTBOPa KUCIOTHI C M3BECTHOH
OTIBITA TtBopa NaOll B mu1. KOHLICHTPAITHEH B MIL.

[lo pesymbTaTam THTPOBAHHS BEIIHCIIAIOT HOPMATBHOCTE ¥ THTP IHETOYH.

2.2. AKecTKOCTh BOIBI

PacTBOpuMBbIE B BOJE COJIM KAJIBIUs U Maraus oOycaaBiuBarOT €€ KeCT-

KOCThb. Pa3znu4aroT KeCTKOCTh BPEMEHHYK (KapOOHATHYIO) M MOCTOSHHVYIO
(HexapOoHaTHYI0). BpemenHas (kxapOoHaTHasg) »KECTKOCTH 3aBHCHUT OT pac-
TBOPEHHbIX TuapokapboHaros Kaibims W Maraud Ca (HCOs), u Mg (HCOs),.
OHa yCTpaHACTCS MPOCTLIM KWUIISAYEHUEM BOJIBI, IPH 3TOM PacTBOPUMBIC B
HEH THApoKapOOHAThl KaJblUd ¥ MarHus Nnepexomar B kapOOHAThl HEPACTBO-

pUMBIE:
Ca (HCO3), = CaCOsd + H,0 +CO;,

BpeMeHHas JKECTKOCTh BOIbI MOXKET ObITh yCTpaHEHa NEHCTBHEM pea-
resToB Ca(OH), nnu Na, CO;

Ca (HCO;), + Ca (OH), = 2CaCOs4 + 2H,0

[TocTosnHas (HexkapOOHATHAS) JKECTKOCTh 00VCIOBIEHA IIPUCYTCTBHEM TaKWX
PACTBOPHUMBIX COJIEH KallbLUWsA M MarHus, Kak CyJab@aThl, XJIOPUAbLI, HUTPATEI
U ap. OHM OpU HarpepaHud BoJbl He paspymarotca. CymMmMa kapOOHaTHOMN M
HeKapOOHATHOM XXECTKOCTH JaeT OOIIYH) KECTKOCTh.

HecTKOCTh BOJBI ONPEAENIETCS MONAPHON KOHLIEHTPALMEN 3KBHBAJICH-
Ta MOHOB KaJIbLIMA M MarHusi B MUJIJIMMOJIAX Ha JIMTP (MMOJIB/JT) BOBL.

B ocHOBe onpenenieHus BpEMEHHOM KECTKOCTH JIEkKaT peaKlluy:

Ca (HCOs), + 2HCI = CaCl, + 2C0O, + 2H,0:;
Mg(HCO;), + 2HCI = MgClI, + 2CO, + 2H 50.

2.2.1. OnpenereHne BpeMeHHOM JKeCTKOCTH BOIbI

Ot0epure MUANETKON B 1Be KOHWYeckue Konokl o 100 M ucciaemxyeMon
BOIEI. Bre#ite B kaxayro mo 2—3 KaIluld MeTHIOpaHKa (B IIEJI0YHOM cpele
WA HEUTPAJIEHONW OH MMEET JKEJITYKO OKPAcKy, B KHCJIOH — OpaHXeByr0). OII-




Ha U3 KOO KOHTpobHad. M3 Orwoperku no xamsM nobasisite B 0qHy Konoy
0.01H pacTBOpa CONAHOM KMCIOTHI OO TEX IIOP, MOKAa OKpacka pacTBOpa OT
MprOaBIeHus MOCHEAHEN Kanii KUCIOTHI CTaHeT opamwkeBoil. HabimomaeMsril
[IBET CPaBHUTE C OKPAcKOil pacTBOpa B KOHTPOJILHOU konbe. Twurpomranue
OBTOpHTE. BO3EMUTE CPEIHUN PacXOd KUCIOTHI M pacCUYUTANTE BPEMEHHYIO
XKECTKOCTh 110 (hopMyIe:.

H Vi -1000
100

rae H — HoOpMalbHOCTH pacTBOpa CONSHON KHUCITOTHI;
100 M — 00BEM HUCCneayeMOM KHOKOCTH;
V —00ném 0,011 pacteopa HCI, m3pacxonoBaHHblil Ha THTPOBAHHE;
K — )KEeCTKOCTh BOIRI.

K —600b1 =

HV e, 10

3. KoHTponbHbIe BONPOCKI

1. Ha¥ite ornpeaeneHue KOHIEHTpaluy pacteopa?

2. Kaxne BaM W3BeCTHbI cnocoObl BbIp@XeHMs KOHIeHTpauwmii? [laiire
OlpefieJieHHe KaXaoMy cnocoly BbIpakKEeHHs KOHIEHTPAIH.

3. Kakoit 06bém 0,11 pacTBopa MOXHO NMPUTOTOBUTH M3 IBYX JTUTPOB 2H
nacTiopa KOH?

4. Ckonbko rpammos K;SO,; HyXHO pacTBOPUTH, YTOGEI TIONYYWTEH
200 mu 2u pacrsopa?

5. Jist wero nmpu TUTPOBAHKMM PACTBOPA NPUMEHAIOT UHIUKATOPEI?

0. Jlms wenrpanmusammu 20 mn HNO; uspacxonopano 23,6 mu 0,120
[eoun. Berauciure HOpManbHOCTE KUCIIOTHI U €€ TUTD.

7. CKOIBKO TpaMMOB THOCYIB(MAaTa HaTpus Na,S,0; HeoGXoauMoe B3sTh
nis npurotoBiaeHns 300 T pactsopa, B KOTOPOM MaccoBas A0 THOCYIsbata
HaTpud 3%"7

8. CKOJIbKO TPaMMOB THAPOKCHMNA HATPHS HYXHC B34Th, YTOGE Ipuro-
ToBUTE 5 i1 ,1 M pacTropa?

NTABOPATOPHAA PABOTA

NoHHbie npouecchl

Llenv pabomer: NPOBECTH PSSO HWOHHBIX PEAKINN, W3YYUTH VCIOBHUS UX
HeOOPATHMOCTH, ycIoBHs 00pa3oBaHUA W pacTBOPEHHMS OCAJKOB, CPABHHThH
XUMHIECKYIO aKTUBHOCTh 3JIEKTPOJIUTOR.

Peaxmuepl: YUATpAT CBUHIIA, HOIMI Kaiusd, CynbdaT Kamud, XJIopui Oa-
pus, XpoMar Kajiusi, KapOOHAT HaTpHs, CONSHAS KUCIOTA, T'MAPOKCHI aMMO-
HIA, XJIOPUA aMMOHKA, Cynbghar Oapus (HachIEHHBIM PacTBOp), CEpHAs KH-
crota (KOHUEHTPHPOBAHHBIA PacTEOp), XJOPUA WiK Cyabhar Meaw, THAPO-
KCHZ HaTpusd, QeHoNMTaleHH, IIMHK METALUTHYECKHIA.

Qbopyoceanue: NPOOUPKHA, CITAPTORKL.

1.TeopeTnueckas HacThb

1.1. Monusie nponeccss

Peaxuun B pacTBopax aJCKTPONKTOB, 11PH KOTOPRHX HE TIPOHCXOINT H3-
MEHCHHUE 3apATOB MOHOB, BXOIAUIAX B COGIHMHEHME, Ha3hIBAIOTCI 00MEHHbI-
MU DeaxilugMi. Hanpumep: umerores fpa snextponuta KA uw KjA; (K u K, —
KaTHGHDL, A H A — @HHOHDI), MEKIY KOTCPRIMHE B PACTBODE VCTAHABIMBAECTCS
DABHOBECHE:!

KA ‘|‘I{-IA; — KA R ﬁﬂj‘f‘f

- M3BecTHO, 4TO paBHOBECHE B HOHHO-OOMEHHBIX PEaKIFLX B DacTBOPAX
CMeutaeTcd B CTOPOHY 0DpasoBaHUs HAKMEHEE TUCCCITMHPOBAHHBIX COEIHHE-
Hud. Hanpasnenue peakim#l MOHHOTS OOMEHa MEXKIY ABYMS SJEKTPOJHTAME B
pacTBOPE OIpeCHAETCs BOSMOKHOCTEIO 00pasoBamisi MKy X MOHAMMA MAajio-
PacTBOPHMOI0, MaJICAUCCOLMUPOBAHOIEC, a TAKKe Ira3000pazHOTO COETMHEHHA.

LIpYU BBIBOJIE HOHHO-MOJIEKYIIIPHBIX YpaBHEHHY HeOOXOIMMO IpHiep-
KUBATHCS CIIELYIOMICH ()OPMbI 3aTTHCH:

a) CHIBHBIC 3JEKTPOJSHTHI CIEAVET MHCATh B BHUIE OTHENbHBIX COCTaB-
JSIIOMUX MX HOHOB, MO0 MMEHHC B TAKOM COCTOSHWW OHHM HAXOIATCH B pac-
TBOpE;

0) cirabble dIEKTPONUTHI, Ta3kl, a TakKe MAIOPaCTBOPHMEBIE COENAHEHMS
CACHYET YCJIIOBHO ITMCaTh B BHUIE MOJIEKYN, HE3aBHCHMO OT TOTO, SBJISIOTCH
OHH MCXOIHBEIMH BEMIECTBAMHA HIIA MPOTYKTAMH.

ITpumepsr:

Pearxyus, udywas ¢ obpazoeanuem ocaoka.

AgNO3+NaCl = AgCTV + NaNO;3 _ MOJIEKYJIIPHOE YpaBHEHHE

Ag "+ CI_=AgCI»|« — WOHHOE YpaBHEHHE
9



Obpazosarite KOMIIEKCHO20 UOHA!
Hg.}g + 2KJ = KE[HJ.:;]

Hel, + 2K 42 =K+ + [Hgl,]

_ 5
Hgl,+ 2] = [Hgl,]
Obpasosanue crabvix snexmponumos:

a) obpasosare 600w
NaOH + HCI = H,0 + HCI

OH +H = H,O:;
0) Obpazosanue crabozo ocnosanus.
NH4CI + NaOH = NaCl + NH,OH

NH," +OH =NH,OH;
6) Obpasosarue cnaboi Kuciomer.:
ZCchOONH + HESO;:: 2CH3COOH + Na 2504

2CH;CO0 + 2H" =2CH,COOH
2) Obpasosanue 2a308:

Na,S +2HCI = 2NaCIl+ H,ST

S +2H" = H,87

1.2. MNpounssenenune pacrsopumocTy

ADCONIOTHO HEPACTBOPUMBIX BEIIECTB HeT. B HachIIEHHOM pacTBope
MAJIOPACTBOPUMOrO 3MEKTpoNnTa, HanpuMep BaSO,, Haxomsmerocs B co-
MPUKOCHOBCHUH € TBEPHOH (ha30ii, HEMPEPBIBHO MPOTEKAIOT BA IPOTHBOIIO-
JIOKHBIX TIponecca. B coctoaunu paBuoBecus, xorna o6a Ipouecca nupore-
KAl0T C OIMHAKOBOW CKOPOCTBIO, 00pazoBapiiascs reTeporeHHas cucrema
ONPEICIACTCS BEIPAXKEHUEM:

PACTROPEHNE - %
BaS04 —_— Ba + SOy
Ocanok ¢ pacTBOp

KPHCTaIH3aTIMA

llepexon WOHOB B pacTBOp M OGpPaTHEIMH OpOLECC BHEAPEHHS HMOHORB B
KPUCTAIIMYECKYIO CTPYKTYPY TBEPAOTO BEINECTBa IIPOUCXOIAT JIMIIb HA ero
[IOBEPXHOCTH. B TakoM ciydae, Ha OCHOBAHHH 3aKOHA HEHCTRIS Mace, co-
CTOAHHC DAaBHOBCCHS 3aBUCHT TOILKO OT MPOH3BEICHHMA KOHLECHTDPALMH KO-
HOB, KOTOPOE ML NaHHOTO MalOpacTBOPUMOTO 3JIEKTPOJIMTA SBIISAETCS BelH-
HHUHOU IOCTOAHHOM.

[IpomsBesienye KOHIEHTPALIMA MOHOB B HACKILICHHOM pacTBope manopac-

TBOPHMOTO SMEKTPONNTA MPECTABIACT COOOM BETHUHHY MOCTOSHEYIO Py JaH-
HOH TEMTIEpaType Ha3bIBAETCS IIPOU3BE HEHIEM pactsoprMocTu (ITP).

10

Jod cynbgara Oapud 9Ta BeIMYUHA ONPEEseTcsl BEIPAKEeHHEM:
4 T
2 s T
K=[Ba" ].[SO; ]=IIP gss04

1 cocrasiaser 1,1 10 : [IpH ZSGC. Yem Oousibime BenmmamHa 1P, TeMm
Oombie pacTBOpUMOCTh. M3 momatusa IIP BbITeKaeT ycnoue o0pazoBanus
OCAaKOB: TPYTHOPACTBOPHMBIN SIIEKTPONUT BBIMAJAET B OCAJ0K, KOrIa Mpo-
H3BCICHHE KOHILCHTpALMK €r0 HOHOB B PacTBOPE CTAHOBHUTCHA OOJIbIIE BENIH-
auHel 1IP. D10 Oynmer nocturmyro npubaBnenmeM u3bbITka SIEKTpONIHTA,
COACpIKAIIEr0 OJHOMMEHHBIE MOHBI. PacTBOpeHue ocaika OymeT Ipoucxo-
JWTb TOrJA, KOTa MpoU3BeIeHHe KOHLIEHTPAl er0 HOHOB B PACTBOPE CTa-
HET MeHbUIe BeMnyuHbl [IP. DTOoro MoxHO qOOUTHECA, CBS3BIBAT OIMH W3 HO-
HOB, TMOCHIJIAEMBIX 0CAJKOM B PacTBOP.

2. JKCnepumMeHTanbHasa 4acThb

2.1. Peaxnuu 1BoHHOro 06MeHA MEKAY 3JIEKTPOTHTAME
B pacrBope

[Tposenure cnemyromme peaknuu. g 3Toro B MUKPOIIPOOUpPKAX cMe-
[IaNUTe 110 HECKOJIbKY Kallellb HIDKETIePeYUCIeHHBIX PEaKTHROB:

Hprpar ceuHna + nomig K

HutpaTt csunua + cyiasdar xamms

Hurpar cBuHLa + Xpomat kanus

XJjopua dapus + cynsdatr Kaus

Xjtopuz 6apus -+ kapOoHaT HATPHS

Xuopua 6apusa + XpoMar Kajius

OtmereTe 1BeTa 00pasyroumxcs ocaakoB. COCTaBbTe MOJIEKYJIAPHBIE U
HOHHO-MOJICKY/IIpHbIC ypaBHeHUs peakunifl. ITpu coctaBiaennu ypasHeHwi
peakuuii yauThiBauTe PACTBOPHMOCTE 00PA3YIOMIUXCA BEIIECTB.

2.2. CpaBHeHHe XHMAYECKOH AKTHBHOCTH 3/1€KTPOJIATOR

Haneiite B onny 1mmpodupxy [-2 mi pasbaBieHHON COMIHON KUCHOTE 21,
B IPYIyt0 YKCYCHOM KHCJIOThbI TaKOH k€ KOHIEeHTpaluu. B obe mpoOupku
IOMECTHUTE KyCOUKM LIMHKA U HAaO/IoNalTe 32 MHTEHCHBHOCTREO PEAKIIHA.

Hanwmure ypasnenns peakiumii U 00bACHUTE pasIHYHYIO CKOPOCTH WX,
HCXOMS U3 KOHCTAHThI THCCOIMALIAM B3ATHIX KHcaoT (Tabi. 5.2.)

2.3. BansiHHe OTHOHMEHHOI0 HOHA HA CTeNeHb AMCCONHANHHA
INEKTPOJIHTOB

B nBe nmpoGupku BHecure mo 10 kamens pacTBopa aMMHMaka, s KOTO-
pOro XapakTepHO COCTOAHUE paBHOBecus: NH; + H,O &= NH,* + OH"
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B o6e npobupku mobassTe 10 Karuie pactsopa (eHondragerHa U OT-
METhTE OKpacKy pacTtBopa. B omHy m3 npodupok nobdaerTe 3—4 Kammm pac-
TBOpA XJIOpHIa aMMOHUS U B3OonTalTe ee conepkumoe. M3MeHseTcs 11 uH-
TEHCHBHOCTB €€ OKpackH (CpaBHHTE C OKPAaCKOM pacTBOpa BO BTOPOIi Mpo-
oupke)? Hcronb3ys 3ak0H NEeHCTBUS Macc, ODBSICHATE BIUSHUE OXHOUMEH-
HOTO MOHA HA JUCCOLMAIIUIO SJIEKTPOIIHTA.

2.4. CMenmenre HOHHOTO PABHOBECHSI IIPH BBeAEHHH
O/IHOMMEHHOr0 H PA3HOMMEHHOIr0 HOHOB

2.4.1. Ocamxaenne 3J1eKTPOJTATOB TPH YBEJIHYEHHH KOHIEHTPAIMH
OHOI'0 U3 UOHOB

B npobupky nazeure 0,5 — | Ma BacslieHHOTO pacTBopa cyibdara Oa-
pus n npudaBhTe K HEMY KOHLEHTPUPOBAHHBIA PacTBOP CEPHOM KMCIIOTHL
OOpatute BHUMaHHE HA BhINAneHue ocanka. OOBACHUTE BhillajleHUE 0CalKa,
VICXO/ U3 TIOHATHS O TIPOM3BENEHUNA PACTBOPUMOCTH.

2.4.2. PacTBOpeHHE 0Ca/IKA 3JIEKTPOIUTA PH YMEHbIEHHH
KOHUEHTPALUNH OAHOI0 U3 HOHOB

B npobupky nHaneite Imn xmopuna (cynbpara) Meaw u TipuOaBLTE K
HCMY pacTBOp ruapokcuaa Hatpus. OOpa3oBaBIIMIICS OCANOK PAaCTBOPUTE B
CONMAHON KHucaoTe. Hanmimure ypaBHEHUA PEaxkiuil, oObsICHUTE MPOUCXO]s-
LM npolece.

3. KOHTpoOnbHbIe BONPOChI

. Kakue peakiuuy OTHOCATCA K HOHOOOMEHHBIM?

2. Chopmynupyiite NnpaBuilo, OUPEIEAIONIES HAIPaBieHHe peakiui
HOHHOTO 00OMeEHa.

3. lladTte orpeeseHue MPOU3BEIEHIIO PACTBOPUMOCTH?

4. Kak usMeHsaeTcs paCTROPAMOCTB OCajgka TPy A00aBIEHUU OOHOUMEH-
HOTO uoHa?

5. K pacrBopam kaxnoro u3 semects: H,S, CuCl, AI(OH);, HCI mpu-
OaBuIH M3OBITOK T'HAPOKCHAA HaTpwsa. Hamummre MOJEKYISIpHBIE W MOHHO-
MOJIEKYIISPHbIC YPABHEHWA COOTBETCTBYIOIINX PEAKIIMH.
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NNABOPATOPHAA PABOTA

('woponus cornewu

[lere pabomwbl: W3YYUTh THIAPOJIU3 pAjia COJEH W BIHMSHHE Pa3IHIHBIX
(hakTOpPOB Ha €T0 MPOTEKAHHE.

Peaxmueel. XJOpPUI HATpUA, CyJb(ar HaTpud, KapOoHAT HATPHS, CYIib-
dbar saTpus, ruApoCcyNLUT HATPUsl, TUAPOKAPOOHAT HATPUS, XJIOPHI aMMO-
HHUs, CyJb(ar aMMOHHS, XJIOPU BUCMYTA, XJIOPHI CYPbMEI, COJISTHAsI KUCJIO-
ta, dbenondranenH, IakMyc, YHUBEPCAJIbHBIA WHAMKATOP, CyIb(AT Xpo-
Ma(Ill), xopung uHKa (KOHLIEHTPUPOBAHHLIA PacTBOR), IIMHK, AJTFOMUHIH.

Obopyoosaiue: CIAPTOBKA, MIPOOUPKHA, KOHUIECKHE KOJIObL.

1.TeopeTnyeckasi 4acTb

[Moponm3oM HaszplBaeTCA Jrodasd XMMUYEecKad peaxis oOMEHHOTo Xa-
pakTepa MEKIY BELIECTBOM H BOAOH. OH BO3SMOXKEH Omaromaps HUCCOLUALIMH
mounekyl Boabl: H.O = H + OH , B pe3yibpTare KoTOpOoi 00pa3soBaBIIvecs
porusl H™ 1 OH  B3anMOJIEHCTBYIOT C BEIIECTBOM, CMEIlas paBHOBECHE JIHC-
COLMALUMHA BOABI BOParo. MexaHu3M 3TOr0 B3aWMOAEHCTBUA 3aKIOYaAeTCs B
TOM, 9TO IIPH PACTBOPEHUH CONHU B BOJE COJb JUCCOIMUAPYET HA MOHBI, KOTO-
phie, pearnpys ¢ noHamu Bozisl, H' u OH , 06pasyioT coeuHEeHUs OCHOBHOTO
unu Kuchoro xapakrepa. Cessbisanpe wosos H™ u OH B TpyaHOpacTBOpU-
Moe Wi caadoguCCOIMUPOBAHHOES COCIUHEHNUE IIPHBOAMT K HAKOIUICHHIO
3HAYUTEIbLHBIX KOJMYECTB OJHOTO W3 YKa3aHHbIX HOHOB, @ Cpela U3 HEH-
TPAJILHOM 1EPEXOINT B LIETOUHYIO WUIH KUCITVIO.

C TOUKH 3pEHUA COBPEMEHHBIX MPECTABIEHUU O PACTBOPAX, THIPOIIH3
PAcCMaTPUBAIOT KAK PE3yNbTaT MOJSPHU3AIMOHHOIO B3aMMOIECHUCTBHS HOHOB
COEIUHEHUA C WX FMAPATHOM 000JIOUKOH. XapakTep U CTENEeHh pacraja Mo-
JeKya THapatHoit 0060JI0YKM 3aBUCHT OT NPHUPOAGI KAaTHOHA W aHWOHA COJIH:
geM CHJIBHEE TOJIIpH3YIOLIEe JeCTBHE HOHA, TeEM B OOJNbILEN CTEIEHH IIPO-

TCKACT THIOPOJIN3.

1.1. Cayqanm ragpoJiusza

B 3aBUCHMOCTH OT XapaKTepa cosiu (Moiapu3yromen crnoco0HOCTH HOHOR)
BO3MOJKHBI CJICAVIONIME CyYau THAPOJIN3a:

1.1.1. TuapoJyn3 1o KaTHOHY HJIH THAPOJIN3 COJIeH,
00pa30BaHHbIX CHJILHBIMH KHCJI0TAMH H CJ1A0bIMH OCHOBAHUSIMH

CuCI,} . HEO — CuOHCI + HCI

Cu +HOH=CuOH +H




B pe3ynbTare 00pa3oBaHHsd MaJOJUCCOLIMHUPOBAHHOTO HWOHA HApYIIAETCs

_|_
HOHHOE PAaBHOBECHUE BOJIbI, B PACTBOPE HAKAILIABAOTCH HOHLI H » cpelna cra-
HOBUTCSH KHUCJIOH.

1.1.2. I'maponus mo aHMoHy HWIH FHAPOJIH3 COJEH,
00pa30BaAHHBIX CHIILHBIMH OCHOBAHUSIMH H ¢JIAOBIMH KHCI0TAMH

Hampmmvep: KCN+ HOH &2 KOH +HCN
B uorHoM Buzne CN + HOH = HCN +OH

- =+
T.¢. noHbl CN cBg3piBaroTcs ¢ HoHamMu H Bojpl, oOpasys crabomucco-

nuupoBaHHele Mosiekynsl HCN, 410 Bemer k Hakomnenwto B pactsope OH u
Cpella CTAHOBUTCA IIENOYHOIA.

1.1.3. I'ujipoJins no KATHOHY M 110 AHHOHY HJIH FUAPOJIH3 COJIei,
00pa3oBAHMHBIX CNa0BIMH KHCI0TAMH M ¢/1a0bIMH 0CHOBAaHUSMH

B 3TOM Ciy4ae paBHOBECHE THIPOJIK3a CMEIIEHO BIIPABO CHMITLHEE, YEM B
MEPBOM M BO BTOPOM CIy9asX, TaK Kak T'MAPOJIU3 COMPOBOXKAAeTCs obpazo-
BaHHEM CJ1a00UCCOLMHUPOBAHHBIX KUCIOT W OCHOBAHMMN, XapakTep cpembl
OYLET 3daBHCETh OT CHUIBI OOPa3YIOMMUXCS KHCJIOT M OCHOBAHWM, W MOKET
ObITH OIPE/IENIEH C TIOMOIILIO KOHCTAHT JUCCOUMALMM TTOIYYEHHBIX OPOIYK-
TOB ruapoJymsa. Haopumep, B ciryyae rugpomuza NH,CN:

NH,CN + H,0 = NH,OH + HCN

4 .

B wonnom Bume: NH, + CN + HOH = NH,OH + HCN

Kn ruppokcruna ammouusa = 1.76 - 10-°. Ka cMHUIBHOM KUCHOTH =
6.2 - 107", Ilpu conocrasnewny, [PHUBEICHHLIX 3HAYEHWI KOHCTAHT JUCCO-
UMaLii MPOYKTOB TMAPONIA3A BUAHO, UTO Kr NH JOH > Ky HCN, U3 9ero
MOYKHO 3aKIHOYUTh, YTO Cpella HMEET CHabOoIIeT09HYI0 PEeaKIHIO.

Coma, 00pa3oBaHHbIE CHIILHBIMHM KHCITOTAMH W CWIBHBIMH OCHOBAHUSAMMU
0ba moHa coyi crabononApusyeMble, THAPOIM3Y He IojBeprarorca. Komuect-
BEHHO T'MIPOJIN3 XapaKTCPU3YETCS CTENEHBIO MAPOIN3a — 3TO OTHOMICHUE THI-
POJIM30BAHHBIX MOJICKYS1 K 00IIeMy YHCITy MOJIEKYT COJIM, HaxOIsmieics B pac-
TBOpe. OHa 3aBUCHT OT IIPUPOABI COMM U TeMmepaTypsl. C yBeTMYEeHHEM TeMIIe-
paTyphl 1 paz0aBJIeHNs CTENICHb THAPOJIN3a YBETHIUBASTCS.

1.2.lonHOe IpOU3BeIeHHE BOALI

Bona nuccoupmpyer mo ypasuenuo: H O &= H™ +OH

lIponsBenieHre KOHUEHTpANMH MOHOB BOAOPONA W I'MAPOKCHUI-HOHOB —
Kponpr WM Ky Ha3bIBAETCA HOHHBIM IIPOU3BENEHHEM BOIbI

K, =[H]-[OH]

14

+

Tak kakBBOme [ H | =] OH ]= 10~/ r-mow/n., TO

[H [[OH]=K = 1014
W
+ -7
B gucroii Boge [ H] = 10 - B 3ToM ciyqae cpenma HasblBaeTcs HEu-
-+ -7 - -7
tpansHoM, mpu [ H ] < 10 - menousoi, ampu [ H | > 10 — xucnon. Bme-
CTO KOHIIEHTPAIMXM HOHOB BOJOPOJA YacCTO IOJIb3YIOTCS BOHOPOIHBIM IIOKa-

i
sareneM (pH) (pH=-1g [H ]).

B HelitpansHoii cpene pH = 7, B meno4Hoi > 7, a B kuciou < 7. Jina
NpUOITH3ATENILHOTO omnpenenenysa pH noyie3yoTcs HHOAUKATOPAaMH, T.€. Bemie-
CTBAMH, M3MEHMIOIIMMHU CBOI OKpPAcKy B 3aBHCAMOCTH OT METOYHOM HIY
KHCIION cpenpl. YacTo ¢ 3TO# LENbI0 MCIONB3YIOT: JIAKMYC, (PeHOI(PTaNCHH,
METIWIOPaHXK, YHHBEpPCAIbHBIA HHIUKATOP, COCTABIEHHBIM W3 CIELHMABHO

10A0OPaHHBIX BEIICCTB.

2. JKCcnepuMeHTanbHaa 4yacTb

2.1.0npenenenne pH pacTBopoB HEKOTOPLIX BElIECTB

Hanelite B 0TAEABHBIE IPOOUPKH PACTBOPBL:

Xnopun Hatpus 0,54

Cynedart Hatpus 0,5H

Hurpar kamus 0,54

UcnpITaiiTe peakiiyd pacTBOPOB ¢ MOMOIUBIO KycOYka JaKMyCOBOM Oy-
Mary Wix YHHBEpCaNbHOrO MHANKaTopa. Comepkar M yKazaHHbie pACTBOPbI
cojeit m3dbrrox H wmm OH ? Kakos xapakTep coJjield, ¢ TOUKY 3PeHHS 110Jis-
PH3YIONIEH CITOCOOHOCTH MOHOB, M KaKOBO MOBEJEHUE B PACTBOPE MOIOOHBIX
coneit? Kaxue paBHOBECHSA YCTaHABIMBAKOTCSI B PaCTBOpPax COJIEM TAKOIO TH-
nma? IToaBepraioTca MU TaKKUe COJIM THAPOIU3Y?

2.2. 'naponns anerara HaTpHUA

Hanelite B npobupky 3—4 kamnm pactBopa auerata HaTtpus 0,1d u
OIpeIeNuTe ¢ MOMOIILI0 YHHBEPCATbHOM MHAUKAaTOPHOU Oymaru pH pac-
TBOpa. B kakoi L[BET OKpaIIMBAETCA PacTBOP aleraTa HATPUA MOCIE IO-
Oapienns 1-2 kanens ¢eHondranenHa? Mcxons M3 KOHLUCHTpAaUWU pac-
TBOpa, BEIYKCIKTE €r0 pH M CpaBHUTE C ONBITHHIMU NaHHBIMHU. 3aTI0JTHUTE

CIIe YOIy TabauIy. Yb 5
abnuua 2.

JaHHbIE ONbITA

@opmMmyia

e H
COJTH [OH ]= K, .5 C ;

BRIYUCIIEHHBINA BBIYHUCIEHHEIN 10 JTAHHELIM OITRITA
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KI"H,EE]} - K = 57 10 lﬂ?

Khichomuot

roe C — KOHLEHTpalys pacTBOpa COIIY.

- =14
K — HorHOe npowsseznenye Bomsl = [ HT] - [OH 1= 10
Kicnoms - KOHCTAaHTa THCCOLMALMU KHCIIOTEI CH3COOH (cm. Tabnup-

Iy 2:53,
Kiizp. — KOHCTaHTA TMIPOIM3a COIT,
Hanumyure MONEKYJIIPHOE ¥ HOHHOE YPaBHEHUS T'HApOoJIn3a alerara Ha-

TPHS, YKaXXUTE, KaKOH 3TO CIIy4ai THAPOIH3a.
2.3. 'maposus kap6onara u cyinb¢puTa HATPHS

Hanefire B oany npobupky 5-6 kanemns 0.1 u pactsopa Na, CO; B apy-
IyI0 — Tako# xe obbem Na,SO;. Ipubdasbre B xaxiyio npobupky no 1-2
Kannyu QeHon(praienHa Wik yHHBEPCATLHOrO WHAMKaTopa. CpaBHUTE TOBe-
Aenne obenx coseil B pacTBOPE M, He MPOU3BOIA BEIYHCIEHHI, ONPEICINTE B
KakOM M3 IBYX PAaCTBOPOB OTHOCHTEJNbHO OojblIe: 1) cTeneHb IMApoIm3a —
0f; 2) KOHLEHTpALUs MMAPOKCHIBHBIX HOHOB; 3) 3HAYEHHE pH. Kakoil annon
CO;s™ wnn SO5™. nposisisier Gonee CHILHBIE MOAAPUYIOUIHE CBOHCTEA? Bbi-
YUCIIUTE KOHCTAHTBI MMAPOIIK3a cosiel. 3anoauTe TabauLy:

Tabnuua 2.3

JauHbBIe ONbITA

(ONb [OH-] PH KT

-14
rae Kw -— HoHHOE OpOU3BEICHAE BOIbI, pasHoe 10

K;_ KoHCTaHTa AUCCOLMAIIAM COOTBETCTBYIOLIMX KMCIOT BTOPOIl CTYIIE-
HHA (cMm. Tabi. 2.5.)
2.4. I'maposms ruapokap6onara NaHCO;
H raapocyasbura NaHSO;

K 0,1 H pacTBopy nepBoi conn no6aButek -2 xannm denondrancuna, a
kK 0,1 ¥ pacteopy BTOpO#l comu 1-2 Kkamim Jakmyca, OpeIBapUTENBHO yOe-
AMBIIACHL B TOM, 9TO B pacTBope NaHSO; ¢enondranenn Gecuperen. Hamu-
HIUTE MOJIEKYJIAPHO-MOHHOE YpPaBHEHUE I'MAPONU3a 00eux coneil ¥ o0biIcHu-
TC pasiuiue B CBOUCTBAX HX pacTBOpoB. Kakas QyHKIMS OCHOBaHWS MWiIN
KUCI0TEL mpeobsanaer y wona HCO; u wona HSO; ? PesynbTaTtel onbiTa
COIIOCTABLTE C BBIYMCIICHHLIMM JIAaHHBIMH, CpaBHMB Benuuuubl Krump u K,
KHCJIOT. 3aroiaHuTe Tadnuiy 2.4.
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Tabnuya 2.4

JdavHbie onbiTa

OIBITHBIE JAHHEIC Pacyersrie 1agunie
Cons K K, BriBog
Peakums pacreopa Krgap =-——*
Kl
14
roe Kw=10 ;

K — KOHCTaHTa qUCCOIMAaLuK IIEPBOM CTYIIEHN:
K5 _KOHCTaHTa TUCCOMMALINY KUCIIOT BTOpO# CTyneHu. (cM. Tabn. 2.5.)

2.5. 'maposms xuiopuia u eyabdara aMMoHus

OnpejgenuTe ¢ NOMOMIBIO YHHBEPCATEHOO HHAMKaTOpa PEaxKiHo BOX-
Horo pacteopa NH,CI u (NH,),SO,. Hanumure MOJIEKYIJISIPHO-HOHHBIE YPaB-
HEHHS TUAPOIIN3A 3TUX COJICH.

He onpenenss pH pacrtBopa, narmmmre MOJIEKYIIAPHO-HOHHEBIE YpaBHE-
HIl THIPOJIM3a CONEeN: XJIOpUZA LMHKA, CyNnb(QUTA [MHKA, HATPATA ATFOMHU-
HUA. Y KaKUTE CPely ¥ Ha30BHTE CIIydail THIPOIH3a.

2.6. Brusiune pa36aBiieHHsa HA THAPOIN3
H 00PATEMOCTDL I'HPOJIH3A

K 3-4 kammam pactropa xjopuaa cypemsl iu BUCMYTa NpUOaBLTE Ta-
KOW ke 00BeM Boibl. Yro Habmomaercs npu stom? Iloakucmure pacTrop
HECKOJIBKMMU KarlsiMM KOHUEHTPALUMOHHON CONMHON KHCIOTHI, MOCIE Yero
BHOBL pasbaBbTe pactBOp. YUro Habmomaerca? OOwbscHUTE HabIIOMAEMOE
ABjieHre. Hanummre MonekynsapHO-UOHHOE ypaBHEHME THAPOJIM3a XJI0pHIA
©YPBMBI WM BUCMYTa, YIUTbIBAS, YTO MPH 3TOM 00pasyeTcss MalopacTBOpPH-
MBI xs10pua ctubuia SbOCI; wiw xmopus BucMyTHIa B10OClI;.

2.7. Bnusinpe TeMIepaTrypbl Ha THAPOJINS coJleil

Hanefite B npoGupky 1-3 ma pactBopa amerara HaTpuA U 2—3 Kaluid
(eHonpranenna. OTMEThTE LUBET pacTBopa. 3aTeM pacTBOp Harpeiite u oOpa-
TUTC BHUMaHWE Ha M3MEHEHHE ero nsert. /laitte o0biacHenne. Hamumure Mo-
JICKYJLIPHO-UOHHOE YPABHEHWE THAPOJIH3A.

2.8. BsanmopaeiicTBHE pacTBOpOB costeid,
B3AHMHO YCH/IHBAIOMIHX FHAPOJIH3

Hanelite B KoHHYECKYIO MPOOUPKY 5—6 Kaneib pacTBOpa XJIOpUAa HIH
cynabdara xpoma (I1T) 1 npubaseTe MO KaruIsm pacTBOp KapOoHaTa HATPUA [0
00pa3oBaHMA OcamKka MajoOpacTBOPHMOTO COCIMHEHHS. Kakoii peaximeit
MOXHO IOKa3aTh, 4TO 0OPa3OBABIIMHACA OCAIOK NPEACTABAIET cOOOM rHIpo-
ke xpoma (III), a He NpoayKT 0OMEHHOTO B3aUMOICHCTRHS CONElL? [Touemy
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MpU B3aMMOIEHCTBAN PAaCTBOPOB THX COJIEH THAPONH3 MPOTEKACT H}‘}?HKTHEI&
cku HeoOpaTumMo? KaxoB MexaHu3M B3aHMHOTO YCHIIEHUS THAPOJH3a.

PacTBopenne MeTaLJIOB B MPOAYKTAX rHAPOIA3a COJICH

Haneiite B mpoGHpKy 1-2 Ml KOHIIEHTPUPOBAHHOIO pacTBopa mupm;aj.
muaka. OIOyCTHATE B PacTBOP KyCOYEK LIMHKA W HarpeuTe. Oﬁpa'rmg i};ﬁﬂﬁ i
HEie Ha pacTBOpeHWe IuHKa. HammmmTe ypaBHEHWE peaklHu M 00b ' :
HaOIOIAEMOE SBIEHME. AHATOTMYHBIN ONBIT IMPOBEAMTE C PacTBOPOM Kap

GoHaTa HATpUA U KyCOYKOM amroMUHI.

Tabnvua 2.5
KoHCTAHTHI JHCCOLMMUAIIMH HEKOTOPBIX CIa0bIX 3JI€KTPOTHTOB
EiazRas Dopmyia KouncranTa auccoMaiiy
KHCTOTE]
-4
Azorucras HNO, 5,110
k 8
CepHucras H,S0; K,=1,7:10 ; K,=6,2"-10
-10
CuauibHaa HCN K=72+10
i | 1l
YronsHas H,CO; K,=45-10 K,=48"10
o -5
VKCyCcHas CH;COOH K=1,8-10
-3 -8, -12
@DCC]}DPHM E'ISPO4 }{[: 7.7 10 ; K3:6§2 10 "'K3= 13 - 10
-5
AMMuUaK NH; +H,0 K=1,76 - 10

3. KonTposibHbie BOMPOCHI

1. Yto TaKoe THAPOIH3 couleit?

7 Uro HA3bIBAETCH CTEMEHBIO THApoJn3a? Kakopa B3aUMOCBA3L MEKIY

CTEIIeHBIO THIPOJM3a ¢ U KonueHTpaumei C pactsopa’?

3. Uro Takoe MOHHOE mpomsBezeHue Bojpt? Kakum o6pasoM oHO ObL1O

BBIYHCIEHO?

4, Jlates ompenenenre pH W ykasate Ha €ro CBfA3b C HOHHBIM

POM3BENCHUEM BOIBI.
5. Kak WOHHOE TIPOM3BEIEHUE BOJBl CBA3AHO

ANEKTPONMTHIECKOI TUCCOMAH?

6. Kak BiHgeT KOHIUEHTpAlWs BOLOPOIHBIX HOHOB Ha JHCCOLMALMIO

I?
aM(MOTEPHBIX ITEKTPONUTOB ..,
7. TlpuBecTy MpUMep TPEX THITMIHBIX CIIy4aeB THAPOIN3a COJICH.

8. Brramcymats kornenTpammo [OH | mpu pH = 4,7,
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C KOHCTAHTOH

JIABOPATOPHAA PABOTA

KomMnrnekcHble coeguHeHUs

Lene pabomer. W3yq9uTh YCIOBHA H METOMBI 0BPA30BAHIA KOMILIEKCHELX
COCTMHEHUH, MX YCTOMYHMBOCTb, PaziUdusi MEXKIY NBOHHBIMH M KOMIUIEKC-
HBIMU COJIIMH.

Peakmueei: AUTpaT BHCMYyTa, MOIUN KAITU, Hurpat pryta (1), ruapo-
KCUI HATpus, HUTpPAT cepelpa, Cyms(aT Wi XJIOPUI HUKEI, KOHIIEHTPHPO-
BaHHBIM pacTBOp aMMuaka, Cyibhar Memw, rekcanua"opeppat(ll) kasus,
XJIOpuI ~ HaTpuWs, a30THad Kucnora, aucyabharodeppar(Ill) wamms —
K Fe(SOy)2, ponanwm aMMOHHES, XITOPHIT WK HUTpat Oapus, rexcauraHodep-
par(I1l) kanus, THocynshar HaTpus (Na,S,05).

Obopydosarnue: NpOOUPKH, CIIUPTOBKH.

1. TeopeTnueckasi yacTthb

OTNMYUTENBHOH 0COOEHHOCTEIO KOMIUIEKCHBIX COETHHEHNN SBIgeTcs B
HUX HajlH4Me CTPYKTYPHOHU TPYIITMPOBKH, Ha3bIBAEMON KOODIMHAIMOHHOM
chepoil. OHa COCTOUT U3 UEHTPATHHOrO aTOMa — KOMIIIEKCO00pa3oBaTes U
CBASAHHBIX HCMOCPEACTBEHHO C HHMM, JurasHaoB (angeHzoB). B kauecTme

KOMIUIEKCo00OpasoBaTells yalle BCEero BCTPEYAIOTCA HOHBI d — 3JIEMEHTOB.

34 3+ P

Harnpumep, 0onplroe 4uciao KOMILIEKCOB H3BECTHO o Cr , Ca , Cu ,
3 3+ 2+

Au , Fe , Zn W miaTMHOBBIX MeTammoB. JIMraHAAMH B KOMILICKCHERK CO-

CAWHEHHAX 4acTO ObIBatOT aHuoHsl: CN , NO, , L, Br ., CNS", OH-,
(S;05)%, (COs)Y, (SO Tl nonspHeie MoJiekynei: H,O, NH;, NO, N,H, u
Apyrue. Hucno, rnokashlBAlOIICE, CKOJBKO JINTAHIOB, KOOPIMHUPYETCSH BO-
KpyTr KOMIUICKCOOOpa30BarTelis, HAa3bIBAETCS KOODIHHAIMOHHBIM YHCIOM.
Haubonee xapakTepHeiM sl KOMIUIEKCOB SBISIOTCS KOOP AUHALIMOHHEIE
ancna 2, 4, 6, pexke — 8, Kak TpaBUIO, 3TO YHCIIO paBHO YIBOCHHOW CTENEHH
OKHCTIEHHA LCHTPATBHOTO aToMa - KoMiulekcooGpasopatens. B dopmyiiax
KOOpAMHAIIMOHHAA C(epa BBINEISIETCS KBaIpaTHBIMH CKOOKaMu, e& 3apsn
paBeH airebpaudeckoi CyMMe 3apsaoB KOMIUTEKCOOOpa3oBaTens M JIUTraH-
10B. MOHBI, IPUCOENMHSAIONINECS CHAPYXY BHYTPEHHEN cepsl, COCTaBIIOT
BHEIIHIO C(epy KOMIUIEKCHOI'O COSIUHEHNS.
lIprMEpOM KOMITIIEKCHOTO COEIMHEHUS MOMKET CITYKUTh:

[Pt (NHs) 4] CI, — xstopun TeTpaaMMUHILIATHHBI(II);

2+
roe [ Pt (NHs), | — xoopmmHarmonnas (BHyTpeHHsS) chepa;

2CI - BHemrHsA ciepa;
2+
Pt - xomruiekcooOpasoBares;
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NH; _ nurasisl;
KoopauHaItMoHHOE YUCIIo — 4.

2+ 2+
3apsn KOMIDIEKCHOIO HOHa paBeH: Pt + 4NH;" — [Pt (NH3), |

O6pa3oBaHle KOMIUIEKCHBIX COEIUHEHUH UGGI:HC}H&TEH TEM, YTO LIEH-
TpanbHbIH HOH (WIM aTOM) CHIIbHEE B3aHMOJEHCTBYST € JIMTAHAAMH, HEM C
IpYTUMH, AMCIOIMMHCA B KOMILIEKCE 4aCTHUAMH, a MO3TOMY yIepKHBacT
UraHbl 0KOJIO cebs, o0pa3yst KOOpAMHALMOHHYIO Ccdepy. ITO B3aUMOICH-
cTBUE OOYCIIABJIABAETCS B OCHOBHOM TpeMs (PakTopaMu: 3JICKTpOCTaTHye-
CKUM  NPHUTSUKeOHWEM, HOHM3ALMEH M BO3HUKHOBEHHEM ,EL{’}HD]JHD.-
AKIENITOPHBIX CBA3EH 3a CUET HEINOMENICHHBIX 3JEKTPOHHBIX Map JUTraHI0B U
cBOOO/IHBIX OpOUTATIEH KOMILIEKCO00PAa30BaATES. -

Ha3paHrg KOMIUIEKCHBLIX COEJIUHEHUH HAYMHAKOT ¢ aHHOHA, aHAIO0THYHO
naspanuam coseit: CrCl; - xyopua xpoma, CuSOy — cynbar Meau U T.11., IpH
3TOM YKa3bIBAOTCA YUCI0 W HA3BAHWE JINTAHIOB W CTENEHb OKUCIIEHUS 1EH-
tpaibHoro aroma. Monekynsl H,O u NH; obo3Ha9aroTcss COOTBETCTBEHHO
«CAKBO» 1 «AMMUWH».

Harpumep: |

[Cr (NH5)s JCI; — xnopun rekcaaMmmunaxpoma(lll);

[Cu(NH;), 1SO, — cynsdar terpaammunmMeau(il); |

Fciii KOMILIEKCHBIN MOH ABIISETCA aHUOHOM, TO H Ha3BaHUE COCIUHEHUA
HAYMHAEeTCs ¢ Hero, Ho ¢ jJodaBnaeHmeM cypdHuKca — «aT» K Ha3BaAHMIO KOM-
mIeKcooOpazoraTeNs:

K4[Fe (CN)g 1 — rexcaupanodeppat (I1) kamms;

Na,[Be (OH); | — rerparunpoxcodepumiar(ll) natpusi. | .

B pacTBOpax KOMIUIEKCHBIE COCIHHEHUS AUCCOLMMPYIOT Ha hDMﬂIlEH?*
HBTH MOH ¥ IPOTHBOIOJOKHO 3apsyKEHHbIE HOHbI BHEIIHEH cdephl (1epBuY-
Has auccouMauyd). 1ax, HampuMmep:

K,[Zn(CN), 1= 2K" + [ Zn(CN);4 |

B BOAHBIX pacTBOpax 3Ta AUCCOLMAL TIPOTEKACT MNPAKTHYECKH MOJIHO-
cThr0. QmHaKo, KpoMe TakOM Juccoupaliiy, BCErla TPOHUCXOMUT, XOTd U B
MEHBIIEH CTelleHH, Pacraj] KOMIUIEKCHOTO HOHa (BTOpHYHAs NUCCOUMALNA), Ha-
TPUMED:

i

[Zn(CN); | = Zn® +4CN
Bropugnas QUCCOUMALIAA XapaKTEpHU3YeTCsA HAIHYHWEM PAaBHOBECHS Me-
KTy KOMIDIEKCHOM 9acTUIEH, UEHTPAIbHBIM MOHOM M TUTaHIaMH. [Tpu 3TOM
CTENMeHb JMACCOLMALMM 3aBUCHT OT IIPOYHOCTH BHYTPEHHEW cdephl KOM-
MJIEKCHOTO COENUHEHN.
T XapaKTEPUCTUKW TIPOYHOCTH KOMIUIEKCA BBEJIEHO [IOHATHE KOH-
crauTsl Hectolikoctu (K HecT.), KOTOpas IMPEencTaBdeT cOOOM KOHCTaHTY

20

PABHOBECHA JUCCOLMALIMH KOMIUIEKCHOTO WOHA. TaK, JUI yKa3aHHOTO Ipo-
recca:

Knecm. = Zﬂ1+]' {CNﬂ] -
JHZH(CN);] 3‘]

YeM MeHblIe BEeJUYHMHA KOHCTAHTHI HECTOMKOCTH, TEM MPOYHEE TAHHBIM
KOMILITEKCHBIA HOH.
K KOMIUTEKCHBIM COEIUHEHHAM OTHOCSTCS TaK)X€ W OBOWHBIC COJIM, KO-
TOPBIE NPEACTABIIAIOT CO0OW COEINHMHEHUS ¢ MATOYCTOMUMBOIL BHYTPEHHEH

cepoit. OBo3HAYAIOT WX HHAYE, YEM KOMILIEKCHBIE COCIMHEHNS, a UMEHHO,
KaK COCIMHEHHs MOJIEKYJI, HANpUMED:

; 1 2-
Kg 804 | FE;(SCH}; = 2K + 2Fe’" + 4804
K280, - AL (8O4); 2 2K" + 2AP" + 4 SO, >

2. JKCnepuMeHTanbLHas 4acThb

2.1. Iloryuenue KOMILICKCHBIX COEXHHEHMHi
C KOMILIEKCHBIM AHHOHOM

2.1.1. TlonyyeHne KOMILIEKCHOTO COLXHHEEH NS BHCMYTa —
rerpanoaosucmyrarTa(lll) xanug.

B mpobupky k 34 xarsv 0,51 pacTBOpaM HWTpaTa BUCMYTA IPHUOaBL-
T¢ 1o KammaM U,5H pacTBOp WOAMAA KalWs [0 BbINAICHHUS TEMHO-0yporo
OCalilka monuaa BucmyTa (B1Js). PactBopure 3T0T 0canok B u3burrke pacTropa
HOIMIa KaluA. 3Has, YTO COCTaB IOJYYEHHOTO COEMMHEHS BRIpAXKAETCT M-
THpUYeckon dopmynoit KJ-Bils, Hamamure ero KOOPAMHALMOHHYIO hopMy-
y. CoCTaBbTe MOJIEKYISPHBIC U HOHHDBIE YpaBHeHUA peakuuil B3aumomeicr-
SHA MOJInNa BUCMYyTa, B3aMMONCHCTBIA HONMA BUCMYTa ¢ H30BITKOM HOIUIA

Kaus. Hanmummare ypaBHEHHs 37€KTPONHTHYECKOM JTUCCOIMALHNA TIOJIyYeH-
HOT'O COeIUHEeHMS.

2.1.2. [ToaydyeHnne KOMIVIEKCHOT'0 COETHHEHMAS PTYTH —
TeTpanoaomepkypara(ll) kaus

B nBe npobupku Brecure 2—3 xamm pacTBopa HuTpaTa pryTH (II). On-
HY TIPOOHUPKY OCTaBLTE B KATECTRE KOHTPONBHOM, B Ipyryio nobasere (.51
pacTBOPa HOMMIA KaJlks JI0 TIOJIHOTO PacTBOPEHHMS, 00Pa3yIOMIErocs B Havale

KpacHoro ocanka monuna ptytu (II). Mcnsitaiire 06a pacTBopa Ha HPHCYTCT-
2+

Bre noHOB Hg , no6aBuB B Kaxyro Mpobupky mo 2-3 Kamm 2H pacTBopa
CHKOTO HaTpHsL.

V13 Kakoro pactBopa BEIIIANAET KETHIH 0CANOK oxcuma pryty (I1I). Ha-
HHUILHTE MOJICKYIAPHOE M HOHHOE YPABHECHHA peakimii ero o6pasoBamms.
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Ilouemy Bo BTOpO# nipobupke npu nefictsue NaOH ocanox HgO ne Beimaja-
er? HanuimmuTe MOAEKYJSIPHbIE U MOHHbBIE YPaBHEHUSA TIPOBEACHHBIX Peakilyii

OpasoBanua uoguna prytd (II), B3ammoneticteus Hgl, ¢ u3BriTkOM Hoaua
24

Kanus, YIuThIBasA, YTO KOOPAWMHAIIMOHHOE YHCII0 WoHa Hg paBHO UeThIpeM.
Hanumure ypaBHEHHS 3A€KTPOIMTUYECKON auccoumanyu Hutpara pryTH (I1)
¥ MOTYYECHHOU KOMITJIEKCHOU CONA — TeTpanonomepkypata (II) kamus.

2.1.3. IloJiyueHHE KOMILIIEKCHOr0 cOeiNHeHus cepebpa —
puTHocyAb(paToaprenTara(l) HaTpus

B npoOupky x 2-3 karuam 0,1H pactBopa Hutparta cepebpa nobaBnTe
n30bITOK 1H pacTBopa THOCYIb(ara HaTpus Na,S,0; 10 MONMHOTO pacTBope-
HHS BBINIABIIEr0 BHaJale ocajka Tuocyibpara cepedbpa. Tuocynsdar HaTpus
HYXHO H00aBIATE OBICTPO, T.K. THOCYIb(AT cepedpa HeycToiiyus. Hanmmure
MOJIEKYJIApHbIE H HOHHBIE YpaBHEHHsA peakimi oOpa3zoBaHua THOCYIb(]aTa
cepedpa, B3aUMMOJEHCTBUA THOCYIb(ara cepedpa ¢ M3OBITKOM THOCYIL(hATa
HaTpus (KOOPAUHALMOHHOE YUCIIO cepedpa paBHO JABYM).

2.4. [lonydenHe KOMIJIEKCHBLIX COSTHHEHUH ¢ KOMILIEKCHBIM
kaTHoHoOM. [lonydenne KOMILIEKCHOTO OCHOBAHUA HHKEASN

IomyuanTte ocafnok ruapoxkcuaa sukensa(ll), BHecs B mpoOupky 3-4 xarmu
0,5H pacTBOpa cylibdhaTta HIu XJTOPH@ HUKES U Takol e 00beM 2H pacTBo-
pa eakoro Harpus. Harnmmmre noHHOE ypaBHEHHE peaKiuy o0pazoBaHMs
riapokcuia nukens (1), K ocaaky nodasbte 5-6 Karneb 25% pacTBOpa am-

muaka. Yro npoucxomur? CpasHuTE OKpacky HowoB Ni B pacTBOpe Cyilb-
(paTa HUKEJIS] C OKPACKOU IMOIYUEeHHOTO pacTBOpa.

Hanmummre ypapHeHHs: peakuuil B3aUMOICHCTBUS FUAPOKCHAA HUKEIs
(1) ¢ aMMHaKOM M ypaBHEHHE 3IEKTPOIMTHYECKONH AUCCOUMaMM 00pa3o-
BABIIETOCA KOMIUIEKCHOIO OCHOBaHUA (KOOPAMHAUMOHHOE YMCI0 HUKES

PABHO IIECTH).

2.5. ITonyyenne KOMILIEKCHOTO COCIUHEHHST MEIH —
cyabpara rerpaamunmenu (I1)

B mpodupky k 5-6 kamwmaMm 0.5H pacTBOopa cyibhata Meau H00aBbTe
25% pacTBOp amMMuaka A0 TIOJHOTO PACTBOPEHMSA BBINANAIOIIETO B Hayale
ocaaka OCHOBHOM coyi. OTMETETE LBET INOJIYYEHHOTO pacTBopa, o0ycIoB-
JIEHHBIH KOMIUIEKCHBIM HOHOM Meau. K >ToMy o0bemy nobaBbTe paBHBIH
00bveM sTunoBoro crnupra. Ilponabionaiite obpa3opanme ocanka cyibdara
TeTpaaMMuuMe/Iu (1), KoTOpeI MIOX0 PACTBOPHM B CMECH CITHPTA C BOIO.

Cyuras, 4TO KOOPAUHAIMOHHOE YUCII0 MEIU PaBHO YETHIPEM, HAIIHCATEH
ypaBHEHHE pEaKiiM B3aUMOIEHCTBUSA Cylab(aTa MeIW ¢ aMMHMAKOM M ypas-
HEHUE 3JIEKTPOJUTHYECKOHN IUCCOIMAllMUA KOMILIEKCHOH COJIH.
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2.6. ITonyyenne COCAMHCHHUS, COACPKAIIETO0 B MOJIEKYle
KOMIIJIEKCHbIC KATHOH H AHHOH

B npobupky Brecute 2 kamm 0,58 pacrtsopa K4[Fe(CN)]- rexcarmano-
teppara(ll) xamms u 4 xamwm 0,58 pactBopa cymbthara Hukens, K NOJIYYEHOMY
OCAARY Texcammanogeppara(ll) Hukens nobappre 25% pacTBOp amMMmmuaka no
'IOTTHOTO PacTBOpeHust ocamka. OTHOBPEMEHHO HabIroMaiiTe obpasoane O1ex-
HO-JTHTIOBBIX KPHUCTAUTOB KOMIUIEKCHOM COJTH [Ni (NH;)s J.[Fe (CN ) .

Harmumure YPaBHEHUA peaKIuii:

a) oOpazoBaHms rexcamrasogeppara(ll) auxens:

0) B3auMoeicTRIS rexcanmanopeppara(ll) Hukens ¢ aMMHAKOM.

2.7. BaanmopgeiicTere rexcanuanogeppara (I) xaaus
C cyiabparom mean (peakmust 00MeHa)

B i[-]pﬂﬁlffpfi}’ K 4-5 Halmgm 0,5H pactBopa Cyibhara Mend 100aBETE TAaKoli
Ke 00BEM pactBopa Ky[F e(CN)s]. Or™ersTe 1BET 00pPa30BaBIIETOCS TeKCalMa-

2.8. Paspymenne kommiexcop

B npobupky BHecute 4-5 kamens 0,18 pacreopa HUTpata cepebpa u
CTOJIBKO K€ pacTBOpa XJIOpHia Hatpus. llonyuernneslit ocanox XJIoOpuaa ce-
pebpa pactBopuTte B 25% pacTBope ammpara. K LIOJYHEHHOMY pacTBopy
KOMILTCKCHOU cosin cepebpa jnobGassre 2n pactBop HNO; no ofpazosanus
Oestoro ocamka xnopuna cepebdpa. |

Hannumre ypasnenwe peaxrmn B3AUMO/ZICHCTBUA XJIOPHAA cepebpa ¢
AMMHAKOM (KOOP AUHAITMOHHOE TUCIIO cepedpa paBHO ABYM).

| CDETEBL:TE} YPABHCHUA SIE€KTPONUTHYECKON TMCCOLMALIHY KOMILTEKCHON
COJIM CCPEedpa M €6 KOMITIEKCHOTO HOHA.

) Hamumure YPAaBHEHHME DEaKkIMH paspylieHus KOMIIIEeKca cepedpa ron
ACHCTBHUEM a30THOM KHCIOTHL

2.9. Paznuune MEXAY TBOHHBIMH H KOMILICKCHLIMH CONAMU

2.9.1. B Tpu mpo6UpKH moMecTHTe MO 3—6 Kamems pacTBopa comu
K» §04 © Fex(SOy); unu K-Fe(SO,), mucyisdaropeppara(lll) kamus. B o-
HOM TIpoOupke ronpodyiite OOHAPYKUTh HOHBI TPEXBATEHTHOIO Kenesa neli-
cTBHeM 0,5H pacTBOpa ponarmia aMMOHMIs (mpucyTcTBre moHOR Fe*™ nomxno
[10Ka3aTh KPOBABO-KpacHOE OKpammBanue). Bo BT0poii npoGupxe [IOITPOOYH-
T¢ 0OHapyxuth noubl K™ neiicTeiem pactBopa Nas[Co(NO,)s], obpazopamue
AKCJITOTO OcalKa yKaxkeT Ha NMPHUCYTCTBHE MOHOB Kamug. B Tpeﬁm MPOOUpPKY

H0DaBbTE XIIOpKUIa WM HETpaTa GapHsd, MOMbITalTeck OTKPBITh HOHEI SO,
OCJIBIH OCALIOK CBUAETENLCTBYET 06 MX HANMIMIA. |
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Bee i ykazaHueie MOHBI yiaaeTcsa 00HapyxuTh? CnenadTe BBIBOI O
y py JIABOPATOPHAA PABOTA

AUCCONHAITH HM3VHACMOI0 BCIICCTBA. Hamummre YPABHCHHKEC CI'C 3JICKTPOJIH- |

THYECKOH JTUCCOIIMALINH.
OkucnurenbHO-BOCCTAHOBUTENbHbIE peaKLum

2.9.2. AHaJIOTHYHOE HCCIENOBAHKUC IPOBSINUTE C PACTBOPOM CONMH TEK-

cam«rchqueppaTE( 1_) KaJIusl. o ) Lene pabomer: TPOBENEHHE KAJECTBEHHBIX OIBITOB, PACKPHIBAIOIIMX
D e MPOOHMPKM BHECHTE 110 2—3 KAl pacTBOP& UCIBITYEMOM Colit. B OKHMCJIATCJIBHBIE W BOCCTAHOBHTENBHBIE CBOMCTBA OTHENLHAIX Bemiects. Oc
OJHGY 1ipoOMpKe TONpodViiTe 00HAPYKKTHL UCHBI Kalivs HEUCTBKHEM pacTBO- BOWTH METO/IBI COCTABIEHHS VDA - |
g R il N | YPaBHEHHUH OKHCIIMTEIbHO— BOCCTAHOBHUTEIBHEIX
na Na3lCo(NOs)e], a B apyroii — woesl Fe'' peficrsueM pacTBopa pojaHuia IPOLECCOB
aMMOHHE. YTo OpH 3ToM HadmopaeTe? Ha oCHOBAHNMYU OTBITOB CLEIANTE Bhi- P
€aKmuebl. KPUCTAIIMYECKUE BEIIECTBA: HUTPAT Kajius, AUXPOMAT aM-
i

- BOF 00 MEKTPONUTUMECKON HUCCOUMALIMNA AaHHORN cond. Harminte ypaBHe-
A4 COOTRETCTBYIOIMX peakii. ConocTaBbTe Pe3yAbTATHL OlibITOB, YKANKH-
TE, KaKAd M2 COJIEW ABIAETCA KOMITIEKCHOM, a KaKas TBOUHOU.

MOHMA, HUTPAT MEAH, HOA. PacTBOpEL: OpoMuUs Kamus, XJIOpHAs BOAA, HOMHUL
Kaasl, CepOBOAOPONHAsA BOJA, CYJIb(MUT HaTpusi, GpOMHAS WX HOZHAT BOIA, |
AWXpOMAT Kallud, XJTOPHI CypbMBbI, TIEpMaHIaHAT Kanus, cepHas KHUCIIOTa,

3. KoHTpoibHBIE BOMPOCHI TMOPOKCHA HATpHsA, TIEPEKUCE BOLOPOAa.
Obopyodosanue: npoOHPKH, CIMPTOBKA, mWTaTHE ByH3eHa, Jy4YUHa,

2 UTO Ha3pBacTCd KOOPIHMPALMOHHLIM YHCIOM HEHTPWIbHOTC MOHA K 1 TEUpET
i MYyeCKkas 4YacTh

=R FTT T Fo s T = Py - L [ 'rn
OT GET0 3E2BHCHUT €10 3HAHEHHT .
|

- 3. Kague »onb! Wil MONEKY LI SBISHOTCS narangamMu? iipusenure npi-
OxHCIHTEIBHO-BOCCTAHOBATENLHBIMYE  PEAKIIHAMY  HA3bIBAIOTCS peak-

MEDBI.
4 Kaxue ¢coeMEeHMs Ra3blRAUOTCH BHYTPEXOMIICKCHBIMI? | HITH, COTIPOBOXKAAOUHECS MEPEXOIOM NEKTPOHOB OT OJHHMX aTOMOB WIH |

b | HO _
S FAK TDOKCXOIHT 2HEKTDONMTHYECKAT THCCOUMATMA KOMIUIEKCHOTG HOB K IpYrvM

|

i:{}ﬁﬂ}gﬂéﬂﬁi}:? {loganare Ha I:GHHDETHGM 1'.[}31‘/11‘-.1&]‘1{":. | Obpasosanue cynshuma xeesa u3 IDOCTBIX BEINECTB — XKeEJIe3a U Ce- :
1TO TAKOE KOOPJiNHAL w AL ]

7"-'—;{} lf;iﬁBﬁiiijuz:;fiiiiﬁcfi&:’miif:ﬂm"m: xomMiexca? Ilpusenyre e HpGCTEHHIHIi STEM. EENOE TEERE s Lo L puarG, § |

T Ha1biBaSTCH KCOHCTAHT HECTOMEOCTH XKOMILISKCA' UBEIUTE HPOLECCE KOTOPOM AaTOM KeJie3a, Tepas ABa 3JECKTPOHA, OKHMCIACTCA, IIpe- |

pHMED. | Bpalllasch B IOJIOKUTENBHBINM NBYXBAJCHTHBIN HOH — RPOUECC OKUCACHUA: ‘

Fe — 28= Fe**

d aTOM CEpbl, NpHHUMAs JBa JJICKTPOHA, BOCCTAaHABIIMBAECTCA M CTAHO-

BHTCA OTPULATEIBHBIM [BYXBAJICHTHLIM HOHOM — HPOUECC GOCCHIAHOE/1C-
Hug: S +26=98% |

Oxucrienne xeiesa IPOU3OHUIO 32 CYET CephI, K KOTOPOH IEPEXONAT eTo |
QJIEKTPOHEI, BoccTaHOBNEHUE CEPBl NPOM3OLUIO 33 CYET SIEKTPOHOB JKENE3a.
OKHCIMBIIEECS XKENE30 BBIIONHATIO B 3TOM peakiyy (YHKIMIO BOCCTAHOBH-

TEHd, a BOCCTAHOBMBLIAACH cepa— QYHKIMIO okuciauTens. Takum obpasom,
OKUCAUMENS 60CCMAHABNUBACHICA, A 60CCMAHOCGUMENb OKUCACHICA.

Fe’+ S =Fe?" + 8% |

MY HATHHAKOT ¢ YCTAHOBJIEHUS TAaKOI0 COOTHONIEHMI MEXKIY TUCIIOM MOJe- ‘
KyJl OKHCJIMTEN ¥ BOCCTAHOBUTEIIA, IIPH KOTOPOM KOJMHYECTBO 3JIEKTPOHOB, |
I
|

|
|
Beraucnenue ko>3hGUIHEHTOB B OKHCIHTENHHO-BOCCTAHOBHTEIBHOM peax-
PHOOPETAEMBIX OKHCIIMTENEM, PABHO KOJMYECTBY 3JIEKTPOHOB, TEPAEMBIX
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BOCCTAHOBHUTEJIEM. /I 3TOT0 MpeaBapUTENBHO COCTABIAIOT CXEMBI TIEpexo/a
3JIEKTPOHOB OT BOCCTAHOBUTENIS K OKMCITUTEIIO.

B HacTodmiee BpeMs UCHOJB3YIOT JiB€ (POPMBI mofodbHOro poja cxem. B
OJIHOM W3 HUX YUCIIO 3MEKTPOHOB, MEPEXOIAINNX OT BOCCTAHOBUTEIS K OKHC-
JIUTENI0, YCTaHaBIMBAETCA, MCXOAA W3 HM3MEHEHHsS COCTOAHHS OKHCIIECHHA
aTOMOB KM MOHOB, BXOAAIIUX B UX COCTAB. DTa (hopMa MOXKET OBITH HCIIOJIE-
30BaHa i1 OKHCIHUTEIBHO-BOCCTAHOBUTENBHBIX IIPOLIECCOB, IMPOTEKAMOIINX
KaKk B pacTBOpax, TaK M IPHM BBICOKMX TeMImeparypax ([poLecChl TOpeHus,
o0xura, crarjeHus U T.4.). OnpeneieHue COCTOAHWS OKHUCIeHUS OTAENb-
HBIX aTOMOB B MOJIEKYJIAX OKMCJIMTENIEW W BOCCTAHOBUTENEH OCHOBAHO HA
MPeATOTOKEeHUM, YTO BCE CBSI3M B HHUX HMMEIOT MOHHBIM XapakTep. Takoe
MpeanoNoKEHUE IBIISETCSA YCIIOBHBIM U BEChMa JaJIeKUM OT AeHCTBHUTCILHOM
KapTHHbBI XUMHYECKHAX CBA3EH.

JIns OKUCIMTETbHO-BOCCTAHOBUTENBLHBIX pPEeaKIii, MPOTEKAIOMNUX B BOJHBIX
pacTBOpax, MPeANOYTHTEbHEN TI0Ib30BaThCA IPYTHMH (POPMAMHU CXEM, B KOTO-
PeIX (VHKLIMIO OKHUCIIMTENIT ¥ BOCCTAHOBUTEIA BBHIIOIHAIOT peajlbHbIC HOHBI U
MOJIEKYJIbI, @ HE aTOMBI B HEKOTOPOM YCJIOBHOM COCTOSHUM OKHUCTICHUA.

Hampumep:
NO; — NO;
MnQ, — Mn*'

Taxue mepexoapl CONpsKeHbl B ODIIEM ClTydae ¢ y4acTHEM B HUX MOJIe-
KYJ BOJABL MIIH COAEPKAUIMXCS B pacTBOPE MOHOB H" w OH . Otcrona cremny-
€T, YTO BO B3aUMOJEHCTBHE ¢ MOHAMU WIH MOJEKYIaMH OKUCIUATENS U BOC-
CTAaHOBUTEIIS MOI'YT BCTYIATh WK, HA000POT, OBITH MPOAYKTAMH PEAKLINH

a) B KMCIIOH cpefie — MOJIeKYIIbl BOILI M MoHbl H'

) B MIEJOYHON Cpeie — MOIEKYNIBI BOIB! M HoHsl OH

B) B HEHTpaIbHOIT cpesie — Monekysl Bozbl, Housl H u OH .
[Ipu  BBIBOMIE MOJIEKYTTAPHO-MOHHBIX ~ YpaBHEHU  OKMCIIUTE/IBHO-
BOCCTAHOBUTEIBHBIX PEAKLIMU CIIeAYeT NPUACPKABATLCA TOH K€ (POPMBI 3a-
MUCH, KOTOpas HpUHATA 11 YpaBHEHWH peakipii oOMEHHOTro XapakTtepa, a
MMEHHO: MaJIOpacTBOpPMMBbIE, MalOIUCCOLUHUPOBAHHEIE W JETy4YHe cOenrHe-
HUS CIIEAYET TMCaTh B BUIE MOJIEKYIL

ITpumepsi:

2KMnOy4 + KNO, + 2KOH — 2 K;MnO, + KNO; + H,O

(cpena mieJroyHas)

2 | MnO4 +é — MnO,*
NO, -2é6+20H — NO; +H,0

2MnO; +NO, *20H — 2 MnO,*- +NO; + H,0
26

2KMnO;, + 5 H,S + 3 H,SO4 =2 MnSO, + 5 S° + K, SO, +8 H,O
(Cpema kucas)

2 | MnO4 + 8 H™ + 58— Mn* + 4H,0
2 HES —2e-— SD + 2H"

2MnOy +16 H + 5H,8S -2 Mn® + 8 H,O0 +5 S°+ 10 |

B okuciuTensHO-BOCCTAHOBHTENBLHOIM peakuuyd 0043aTelIbHO YuacTue
OKUCITATENIA K BOCCTAHOBUTENA, IPAIEM, €CIIH UCXOIHBIM B PEAKIIHU SBIIACT-

€1 OIHO BEMECTBO, TO OHO HEOOXOUMMO BKITIOYAET B Ce0S OKHCIUTENb 1 BOC-
CTAHOBHUTEIL. Tak, B peakuyu:

“ 2 KCIO; =2 KCI + 30,
CI” B KCIO; okucnutens, a O™ BOCCTAHOBHTEN:

CI” +66 — CTI!
QO il oy DY

Taxkme peakimn oTHOocATCS K peaxism BHYTPUMONEKYIAPHOIO OKHUCTe-
HUsI — BOCCTAHOBIEHM.

B peakuuu xe 4 KCIO; = 3KCIOQ, + KCI

+5
OAHa 9acTh atomMa Cl ~ BRINONHAET (DYHKIMIO BOCCTAHOBHTESL 10 CXeMe:
CI™ - 283077

a ﬂpyraf_ 9aCTh — (DYHKUMIO OKMCIIUTENS, BOCCTAHAB/THRASLCE [pU 3TOM
o cxeme: CI™ + 6e — CI™

Ilpoucxomur camooxucienue — camoBocctanopenme CI™° Takue peax-
LAY HA3BIBAFOTCSA PEAKIUAMH AUCTIPOTIOPIIOHUD OBAHNS.

2. JKCrepMMeHTanbLHaa 4yacThb

2.1. AToMBI, MOJIEKYJIBI HPOCTHIX BELIECTB H 3/IEMEHTAPHbIE HOHDI
B KaY€CTBE OKHCIHTE/IeH H BOCCTAHOBHTE.ICI

2.1.1. Okucnenne 6pomMun — goHa XJI0pOM

K 34 xamsv pactBopa GpoMuna kamis no6aBuTe 5-7 Kamein XJIOPHOM
BOIBL W OTMETLTC M3MEHEHHE OKPAacKW pactsopa. Harmmmre ypasrerme peak-

ud. YT0 B TaHHOM peaKImy SBISETCS OKUCIATEIEM 1 UTO BOCCTAHOBHUTEIEM?

2.1.2. Oxucnenne HOAMA — HOHA H30BLITKOM X/IOPHO# BOABI

)
K 3—4 xamisam pacTBopa vomuna Kanus 106aBbTe HOCTENEHHO 1O Karr-

JUM IIDH HENIPEPHIBHOM IIOMEIMHMBAHMHY XJIOPHYIO BOAY IO MOJHOTO HCUE3IHO-
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BeHHUs, 00pa3ylomerocs BHayaae MoJa U IIPEeBPAIICHUs €ro 3aTeM, B HOIHO-

BATYIO KHACJIOTY.
Kakora ¢yHKIHA 02 B 370U peakuuu’ Harmmere ypaBHeHHE peakuyu.

2.1.3. Oxucaenune H,S itogom unu 6pomom

K 7—8 xarwisM HachIMEHHOH CEPOBOMOPONHOMN BOABI 100OABIAKNTE MO Ka-

mIAM HOMHYIO WM OPOMHYIO BOIY JI0 T€X TOp, NOKa HE MpPeKpaTuTcs obec-
[BeYuBaHue ioxa wiam Opoma. Eciy OKakeTcs, 4TO MOCIENHSA KaIllsi pac-
TBOpa Homa ik 6poMa BhI3BANA MOABJIEHHE YCTOWIMBOW OKPACKH, TO €€ ClIe-

nyeT obeclBednBaTh |—2 KarusiMu CEpOBOAOPOJHOM BOIbl. ObpaTnuTe BHU-
MaHMe Ha BbInazeHue ocamka. Kakoe 310 BemecTBo? KakoW BBIBOI MOYKHO
crelaTh 00 OKHUCIUTENBHEIX CBOMCTBAX HOMa 10 OTHOIIEHHUIO K H;S?

2 2. ClnokHbIe HOHBLI B OKHCJIHTEIBHO-BOCCTAHOBUTE/ILHBIX
mpoueccax

2.2.1. BzaumojeiicTBue cyab@ura HATPpUA ¢ OPOMHON BOJOH

B npobupky ¢ 5-6 kannsgMu pacTBopa Cylb(pura HaTpus NpUOaBbTE Ta-
KOt ke 00BEM CBEXENPUIOTOBJIEHHOI0 pacTBOpa OpOMHOM BOILI. OTMETHTE
obecrBeurBaHue pacrteopa. Harmummre ypaBHenue peakuud. COCTaBbTE
SIIEKTPOHHO-MOHHBIH 0anaHC, YYMTHIBAS, HYTO B PeaKlui yHqacTBYeT BOJA.
Kakyio yHKIMIO BRIIONHAET HOH SO5~ B JaHHOH PEaKIUH,

2.2.2. BzaumojeficTBHEe XJIOpPHIA CYPbMBI € JUXPOMATOM KaJud

B mpobupky ¢ pacTBOPOM AUXpoMara Kanus KECIEO—i (1-2 KEH.:’IH) BHE-
cuTe 5—6 Kanesks pacTtBopa xjopuga cypbMel SbCl; Harpente npoOupky cia-
ObIM TUTaMeHeM ropenku. HaOmiomaiite W3MEHEHHE OKpackud pacTtsBopa 00y-
CIOBJIEHHOIO MEPEeX0J0M JHUXpoMaTra Kajlid B XJIOPHI TPEXBAJICHTHOIO Xpo-
M3, ¥ BbIaJICHUE 0canka cypbMaHON kucioTsl (X Sb,Osy H,0). Hamumure
Mmﬁfﬂ{ynﬂpme M HWOHHOE YpABHEHHS PeaKuuil B3auMOIEHCTBUA mc}plﬂga
CYpbMbl, JUXpOMata Kaius M BOJbI, CUMTad, 4TO OCAJAOK HMMEET hopmyy
H:SbO, Kaxkoli croXHBIH HWOH ABMSETCS OKHUCIWATENEM B HAHHOM peaxiuu’
CoCTaBbTE JIEKTPOHHO-UOHHBIH Damanc.

2.3. 3uavenne cpeibl B OKHCJIHTEIbHO-BOCCTAHOBHTEILHBIX
nmpoieccax

2.3.1. B Tpu npobupku BHecute 3—4 Kaluld pacTBopa TIepMaHraHaTa Ka-
g KMnO4 B oany npobupky noOasbTe 2-3 Kalld pacTBOpa CEPHOH KH-
CIIOTBEL BO BTOPYIO CTONBKO 3X€ BOJBI, B TPETHIO — TAKOE K€ KOJIMIECTBO THI-
pokcuaa HaTpusg. Bo Bce TpH NPOOMPKH BHECHUTE IIO HECKOJIBKY KPHUCTALIOB
HUTPHTA KA W TepeMemlaiite pacTBOPHI IO ITONIHOTO PAcTBOPEHMSA KpH-
crainioB. Uepes 3—4 MUHYTHI OTMETBTE U3MEHEHHE OKPACKX PAaCTBOpa BO BCEX
Tpex ciayyaax. CocTaBbTe YpaBHEHUS PEAKIIH.
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2.4.0KHCANTETHHO-BOCCTAHOBATELHAS JIBOHCTBEHHOCTD
MepeKucH BOAOPpoaA

2.4.1. a) K moakucIeHHOMY pacTBOpY NepMaHraHaTa Kaius 106aBbTe o
KallIsiM pacTBOp MEPEKHCH BOAOPOA IO TMOJHOr0 0OECUBEIUBAHNA PACTBODA.
ObpaTuTe BHUMaHHe Ha BhIZENEHHE Taza M WCIBITAHTE ero 3apaHee MpUro-
TOBJICHHOW TIEIOLIeH JIyquHKkoi. Hanumure ypaBHeHre peakiiy # yKaXKuTe
(hyHKIMEO TIEPEKUCH BOIOPOA.

0) K 2-3 xamnaM pactBopa HomMma Kajaums MIA HaTpua NpubaBLETE
CTOJILKO € pasdaBIeHHON CepHOM KUCIIOTH U 3-4 Karuiu pacTBOpa MEPEKUCH
Bogopoaa. Kakoe BemecTBo obOpazoBaiock? Kak €ro MOXHO 00HApPYKHTE?
Hanuinnre ypaBHeHHe peakivu ¥ yKaxuTe (GyHKIHEO TIEPEKYCH BOIOPO/IA.

2.4.2. a) K NOIKHCIEHHOMY CEPHOM KMCIOTOM pacTBOpy IepMaHraHaTa
Kanus 1obasbTe /10 0BeCIBEUNBAHIA PACTBOP HUTPHUTA Harpud. Ecnu npuba-

BUTh HATPHUT HATPHA B HEKOTOPOM H30BITKE, TO JIETKO OOHAPYKUTH craboe
nodypenue u 3anax okcuaa asora (1V).

0) K monkucieHHOMY cepHOM KHCIOTOH pacTBOpPY WOAMEA KATHI 1O~

0aBbTe HECKONBKO Kallellb PACTBOpA HUTPUTA HaTpusi. YTO MPOMCXOIMT IpH
9TOM? KakoBa (hyHKIIMs HUTPUTA HATPHs B ONBITax (2) u (6).

2.5. Peakuust BHyTPHMOJIEKYISAPHOTO
OKHCJICHHA-BOCCTAHOBJICHHUS

2.5.1. BHyTpuMOTNeKyISIpPHOE OKHC/ICHHEe-BOCCTAHOBIICHH e
ANXPOMaTa aMMOHMS

[lomectute B Cyxyro mpoGMpKy HECKONBKO KPHCTAIIIOB IUXpomMara
ammoHmst (NHy),Cr,O; Harpeiite 10 Hauana peakimwm, I0CE Yero [IPEKPaTHTE
Harpesanue. OOpaTuTe BHUMAHUE HAa 0COOEHHOCTH MPOTEKAHMS DEAKIH, ee
MPOMYKTEI — ra3000pa3Hble a30T, Napbl BOILI, TBEP/bIE — OKCHIL xpoma(Ill) u

nBeT. Harmimmre ypaBHeHNe PEaKIMi ¥ VKaAXUTE B HEW OKHUCIUTENL U BOC-
CTAaHOBHUTEJIb

2.5.2. BHyTpHMOJIEKYIsIpHOE OKHCICHHEe-BOCCTAHOBICHME HUTPATa MeH

B mpobupky mnoMecTim HECKONBKO KpPHCTAILIOB HUATpaTta Meau
Cu(NOs), -3H,0. 3akpenute npobUpKy B IITATHBE, U OCTOPOKHO Harpepaiire
MaJICHRKIM IUTaMeHeM ropenkd. OOpaTtuTe BHUMaHHe Ha 00€3BOKHBAHME,
W3MECHCHHE [IBETA COJIM U BBhIIEICHUE Tasa.

Harmimvre ypaBHeHUe peakilHy pasioskeHHA HUTPATA MEIH, YAUTBHIBAA,

4TO NPOAYKTaMM peaxumu ABngercs oxkcun meau (II), okcun asora (IV) u
KACIOPOA. YKaKUTe OKKHCIUTENh H BOCCTAHOBHUTEIL B MOJEKYJIE HUTPUTA
MEIH.
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2.6. Peaknus CAMOOKHCJIEHHS — CAMOBOCCTAHOBJICHHHA
(AMCHPONMOPIHOHHPOBAHNS )

2.6.1. Tlomecture B mpodbupky 1-2 xpucrayma Hona, 3—5 Kaneab pac-
TBOpa THAPOKCHIA HATPHI WIH Kalausd M Harpeidte. Kak MeEHAETCS LBET pac-
TBOpa? JaKOHYUTE YpaBHCHHC peaKUMM, YIUTHIBad, YTO NMPOIYKTOM OKHCIIE-
HUA 10Ja B IIEJTOYHOH Cpelie ABNACTCS HoaT HaTpyA MJIH KaJIusd.

I+ NaOH — NalO; + ..... (a)

K oxmaxaeHHOMY pacTtBOpy NpuOaBbTe IO KarmjiaM pa30aBIeHHOTO
pacTBOpa CepHOM (WM COAHOMN) KUCIOTHI JUIA TIONY4EHUs Ci1abOKUCIIoNn cpe-
ITbI, TO peakys NOUIET B 0OpaTHOM HalpaBIICHUM:

NalO;+ Nal + H,SOy— L + ... (6)
MosxHO S 00paTHBIN IPOLECC Ha3BAThH JUCIIPOTIOPLIUOHUPOBAHUEM ?

3aKOHYHTE ypaBHeHME peakumu. g ypaBHEeHHH peakuui «a» u «O»
COCTaBbTE NIEKTPOHHO-UOHHEIE CXEMBI Y YPAaBHANTE, YKAXKUTE OKHCIHTEND H
BOCCTAHOBHUTEND, IPOLIECC OKUCIIEHUA W BOCCTAHOBIIEHMUS.

2.6.2.0cTOpOXHO HarpeiTe B CyXoi npoOUpke HEOOIBIIOE KOIUIECTBO
[lepMaHraHaTa Kajys 10 pa3ioKeHud. 3aKOHIUTE YPaBHEHHE PEaKIIvM:

Bﬂyhﬂjq_?KéhdHChfkBdﬂChﬁF.“.(E)

ITocne ocThIBaHHUS IMOJMYUYEHHYIO COJIb pacTBopure B Bome. Obparure
BHUMAaHHE Ha MEPEX0 3eNEHONU OKpacKH B (PUOJIETOBO-KPACHYIO U IIOABJIEHHE
ocajJKa. 3aKOHYMTE YPaBHEHUE PEAKIINHU:

K,;MnO, + H,0 — KMnO, + MnO, + ... (r)

JUisi ypaBHEHUN «B» W «I» COCTaBbTE 3JIEKTPOHHO-MOHHBIE CXEMbI M
YPaBHAKNTE, VKAKKTE OKHCIUTENbL M BOCCTAHOBHUTEN, MPOIECC OKUCIEHUA U

BOCCTAHOBIJICHIA.

3. KOHTpPONbHbIE BONPOCHI

1. Kakue peakiidu Ha3bIBalOTCA OKHUCIUTENHHO~BOCCTAHOBUTEEHBIMU?
2. Y10 Ha3bIBAETCA CTENEHBIO OKMCIICHHMA 3JIEMEHTA?
3. KakoBa crerneHb OKHUCIJIEHUA:
a) azota B coeguHeHwsIx: HNO;, HNO,, N,O,4, NO..
6) docdopa B coequnenusax: H;PO,, HPO,.
B) cepsl B coenunenusax: H,S, H,SO;, H,SO,.
4. Yro Ha3BIBAETCH OKUCIIEHUEM (BOCCTAHOBIEHUEM)?
5. Kakoli cTeneHBI0 OKHCIEHMS HO/DKeH 001afaTh 3JIEMEHT, CIIOCOOHBIM K
TPOSIBJICHUEO TBOMCTBEHHON (DYHKIUH, T.€. ¥ OKUCIHUTEIA M BOCCTAHOBUTENS?
6. Kakne OKHCIUTENBbHO-BOCCTAHOBUTENBHBIE pPEAaKIMH OTHOCATCH K
peaKIysaM [JUCIPOIOPLUMOHUPOBAHMA (BHYTPUMOJIEKYIAPHOIO OKUCIEHUS-
BOCCTAHOBJICHUA )?
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U1 rry©oKOro M3ydeHus XMMUKM KaKk HayKd, 060CHOBAHHON Ha HKC-
[IEPUMEHTE, HEOOXO0AMMO BBIIOJIHEHUE JlabopaTtopHeiX pabor. Mx rema-
TUKa ONpENENAeTCss MPOIrpaMMol HNAHHOTO Kypca XUMHH. CTYICHTHI

BBINOJIHAXOT JaboparopHbie paboThi, MOJB3YACH COOTHETCTHYIONMMME
METONMYECKUMHU YKazaHUAMH.

MeTtoguueckue ykazaHus SBIBTOTCS PYKOBOJCTBOM JUIS 110/INOTOBKH K
J1a0OpaTOPHO-NPAKTHYECKHUM 3aHATHAM 110 KYPCY HeOpraimieckoid XUMHK

U1 CTYAEHTOB HEXUMHYECKUX CITEUIMANBHOCTEH BLICHINY yueOHLIX 3aBeae-
HUH K COCTOSAT U3 [IBYX YaCTEH: TEOPLTHUCCKON M MKCHIEPHMEH TUTLHOM.

M3yueHnne TeopeTHYECKOR J4acT NMOIBOJMT CIYJACHTY OCHONTL JaHHYIO
TEMY U XUMHYECKH FPaMOTHO BBINOIHMTE HKCHepuMent 1 ixcrnepumes-
TafNbHOW YacTH MPUBOAUTCS TOAPOOHMN METOMMKA MEITIO/IHEHN OIBITOB.
[IpyBe 1eHHBIE STATOHBE PELUEHHUS JAUAY, KOHTPOULHLIE BOHPOCK] H CITHCOK
PEKOMEHTYEMO#M JUTEPATYPHI NOMOIYT CTYACHTUM OCBOMT L 1COPCTHYECKHN
MATEPHAII H YCOCLIHO 3aUIHTHTL JIADOPATOPHY IO pabior

JUts CTyIEeHTOB 1 Kypca HEXMMHMOCKIA € HE LR HOC el
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JIABOPATOPHASI PABOTA Ne 1.
IHEPINETUKA XUMWYECKUX PEAKLIUMN,
ONPEAENEHMUE TENNOTbI (M3SMEHEHUE

SHTANBLIMUU AH) PEAKLIMM HEUTPAITU3ALLUM,
FMAOPATALUN UITU PACTBOPEHUA

L]eny: M3YyYHTh TEOPETHIECKHE OCHOBBI YHEPTETHKH XHUMHUYECKHX IPO-
LIECCOB, MPHOOPECTU HABBIKKA NMPAKTHYECKOTO ONPEIE/ICHUs H3MEHEHHUA 3H-
Tanbiu (AH) peaxuun Helrpanuzannu, pacTBOPEHUs WM MMApATAllUU; OB-
Jag€Th TEPMOAMHAMHUYECKUMHU pacyETaMHu.

1. TeopeTuyeckas yacrte

Hayka o B3auMHBIX NpeBpAIEHUSX PA3IUIHBIX BUIOB SHEPrUM HA3LIBA-
€TCA TEPMOTMHAMUKOM.

TepmonMHaMKKa YCTAHARIMBAET 3aKOHbI ITUX TPEBPAILICHHIL, HATPARICHUE CAMO-
NPOU3BOIBHOIO TEYCHHS PA3TMYHBIX IPOLIECCOB B JAHHBIX YCIIOBUSIX.

[lpr XUMHYECKHX pEeaKLMAX IHEPTHUs MOXKET BBUJENSTHCS WIH MOIJO-
aThCs HE TOJIBKO B BHIE TEIUIA (HanmpUMep, NMPY FOPEHHU MArHus), HO U B
BHIE CBETA, MEXaHUYECKOU paOOTEI, 3NeKTpHYecTBA. PasnuyHble BUIBI SHED-
MY 3KBUBAJIEHTHBI, T.€. NEPEXOMAT APYr B [Ipyra B CTPOro ONpele/EHHBIX,
PABHOLIEHHBIX COOTHOULIEHUSAX.,

IIpu moboM mpouecce cobmronaeTcs 3aKOH COXPAaHEHUs! SHEPIMH, Kak
MmposiBieHue dosiee 0O1Iero 3aKkoHa MpUpPOabl — 3aKOHa COXPAHEHHs MATEPHH.
Teriora Q, mornomaemas CUCTEMOM, WAET Ha U3MEHEHHWE €€ BHYTPEHHeil

sHeprud AU U Ha copepliienne pabotsi W:
AQ=AU+ W (1)

BHyTpeHHss sHepras cuctemsl U — 370 obwmuit 3amac sHepruu, BKIIFO-
YarOLMHK JHEPIrUiO MOCTYNATENBHOI0 ¥ BpAILATEIbHOIO ABKEHUS MOJIEKYJ,
SHEPrHi0 BHYTPHUMONCKYIAPHBIX KOJICOAHUH aTOMOB M aTOMOB Ipynr, 3Hep-
IO NABMXKEHMA JIEKTPOHOB, BHY TPUSAEPHYIO SHEPTHIO, T.€. BCE BHABI IHEP-
Y, KpOME MOTEHUHMANLHON 3HEPruH, 00YCIOBAECHHOHU NMONOKEHHEM CUCTE-
Mbl B MPOCTPAHCTBE, W 0€3 KUHETHYECKOH 3HEPIrWHM CHCTEMbl KaK LIENOro.
ADCOIOTHOE 3HAYEHHE BHYTPEHHEH IHEPriy W3MEPUTh HENb3d. Mbl MOXEM
OIIPEHEIIUTH TOJIBKO M3MEHEHUSI BHYTPEHHEH 2HEPTUY CUCTEMBI — AU

CumBont A obo3HayaeT pasHOCTh, KOTOPAA HAXOMMTCH MyTEM BbIYHMTA-
HHS H3 BCIMYMH, OTHOCAUIHXCS K KOHEYHOMY COCTOSIHMIO, HallpuMmep Ipo-
TYKTaM peaKkuuH, BeJIMUMHBI, OTHOCAIIEHCS K HAYaTbHOMY COCTOSHUIO — pea-
rHpyrowuM sewecteaMm: AU = U, U,




[Tpr XMMHYECKHX peakuMsax noja paboroil MpoTHB BHEINHMUX CHII B OC-
HOBHOM [I0/Ipa3yMeBacTcs paboTa NpoTHE BHELIHET'O JaB/IeHUs

W=PW3-V;) = PAV

[Tpy n3oxoproM mponecee (V=const, HarpUMep, B aBTOKIABC) U3MEHe-
Hus 00bE€Ma He nmpoucxoaut U W=0. Toraa nepexony cUCTeMbI U3 COCTOAHMS
1 B COCTOSIHHE 2 OTBEYAET PABEHCTRO:

(Fp = Ug —"U} =AU

CrienoBarelbHo, eClny XUMUYECKad PEeakuud IPOTEKaeT NP HNOCTOAH-
HOM 00BEME, TO BBIAENCHHE WM MOMIOMEHWE Termnorel Qv OIpenenseTcs
M3MEHEHUEM BHYTPEHHEHN 3HEPTUY CHUCTEMBI.

[Tpu uzobaprom npouecce (P=const, T.e. XUMHYECKasd PEaAKIHA IPOTE-
KacT B OTKPBITOM COCYIE):

teriora Q p = AU~ PAU = (U, ~-U,)) -P(V -V ) )=(U,+PV5)-(U,+PV)})

Beeném oboznauenue U+PV=H. Torna Qp=H,-H=AH.

Dyuxkuus H Hassisacres snmanrvnuei. Takum oOpazoM, B U30XOPHOM
Hpotecce sueprerniaeckuit »qdext papeH H3IMEHEHUIO SHTANBITMY CHCTEMBI

Hpw AL 0 (rennora noasoJuTCs K CACTEME M3 OKPYKAroLIed cpenbl/,
PEARKIIMIO HAAKIBAIOT SHJI0TEPMUYECKOH, a pu AH < 0 /Ternnora BeIOSNAETCS
I OKPYMIOHIYIO Cpeay) — K30TEPMUYECKOHN.

LeIIoThl XUMUYECKHX TTPOLIECCOoB, MpoTekariuux npy P, T=const n V,
| “const, HA3LIBAXOT TETUIOBBIMH D QeKTaMu.

Pasiaen XuMHM, B KOTOPOM H3Yy4aioT TeIuloBele 3¢ dexTnl (M3MEHEHHE
HTAIBLITMIA) TIPOLIECCOB, HA3BIBACTCA TEPMOXUMUEH,

Ecnam B ypaBHeHHM XMMHUYECKON peakLmy ykasaH eé rerviosoit adoexr,
YPABHCHME HA3BIBAIOT TEPMOXMMMUIeCKUM. Hanpumep:

1
H,(e)+ EOE (2) = H,O(n) AH=-241,8 xllxc

[Ipu 3amyicy TEpMOXUMUYECKUX YPaBHEHUI Peakuii YKa36IBalOT:
4) arperaTHbie COCTOSHUA WIK AJUTOTPCIHEIE MOIM(DHKAIHN BEeCTB;
0) ycmoBua nporekaHus mpoiecca ( AH., — CTAHIAPTHBIH TENUIOBOM

3QpexT peakiuu npu 298 K).

Ko3)QUIMERTH B TEPMOXUMHUYECKHX YPABHEHUAX PEAKIUH MOTYT ObITE
ApoOHBEIMEH. C TEPMOXUMHAYECKMMH VPAaBHEHHAMM MOMKHO NPOBOIUTL MATe-
MaTHYECKHAC ONEPalli CIIOKEeHUA, YMHOXKEHUS Ha KO3(PQUIMERT U T. 1.

lernmoBoit >¢pexr peaxuuy 3aBHCUT OT KOJIWYECTBA PEATHPYIOMIMX H
NOMYYarQIUMXCS BEMIECTB.

Sxmanvnueu (TEIVI0TON) 06paszoeanua Ha3bIBAETCA W3MEHEHHE SHTANID-
mMH 00pa3oBaHUsA OJHOIO0 MONb XMMHUYECKOTO COSIWMHEHHA U3 MPOCTHIX Be-
IECTB, YCTOMYMBEIX MIPU JAHHBIX YCIOBUAX.

OHTAILIIMK (TEIUIOTH) OOpa3zoBaHusa 1 MOJE CJIOMKHOIO BEIIECTBA M3
APOCTBIX TPH CTAHAAPTHBIX YCIOBHSX (T = 298,15K, P=1,013-105 ITa, nnsa
pactBopoB C; = 1 MoIb / OM°, Ha3bIBAXOTCA CTAHNAPTHBIMHU IHMANLAUAMY
00pa3oBaHKA 1 0D03HATAIOTCA A F7° M BBIPAKAIOTCS B KJDK/MOID.

OHTAIBIIMK 00pa3oBaHUS NPOCTHIX BEHIECTB B WX Haubolee yCTOMYM-
BOM COCTOSIHMH IpPY CTAHHAPTHBIX YCIOBUSAX NPUHUMAKITCS PaBHLIMU HYITIO.
Hanpumep, AH: obpazosanusa H,, O,, CL,, Ca, Si =0

298
A-H—;E?E Crpmi: = l:l

Inmanbnueu (TENJIOTOM) ceopanus HA3LIBACTCS M3MEHEHUE 3HTAILITHH
cropanua IMomne BewectBa 10 CO,, H,O u mpyrux BeICIHMX CTaOWIbHBIX
OKCHJIOB COOTBETCTBYIOUIUX 3JIEMEHTOR. JHTAIBIIMUS CrOpPaHHUS — Ba)KHAsd Xa-
PaKTCPUCTHKA OPTraHHUYECKHUX COEAMHEHNA.

M3sMeHEeHHE 3HTAIBIMN HAXOIAT C MOMOIIBIO PacdYETOB M IKCIIEPHMEH-
TAIbHO C TIOMOWIBK KaJIODUMETPOR. B rmpocTeHimeM ciyyae KalopuMeTp
[pefcTaBigeT cO00H cocyn, OKpPYKEHHBIH 000M0UKOE U3 THIOXO MPOBOIsIIIE-
ro TeioMarepuana. B cocyn MOMenaT BEIECTBO ¢ HIBECTHON TEIIOEMKO-
CTRIO. Ecnu HOMyCTHTL OTCYTCTBHE TennooOMeHa MeXTy KalOpHMETPOM U
okpyxarwoumen cpenoil, To AH =m-C-AT, rae C ~TerioéMKOCTh KaJIOPH-
METPHYECKOI0 cOcyla H ucchexyemoro seutectBa; A7=715-T; W3MeHeHUe
TEMIIEPATYPHI, M — MACCa BEIISCTRA.

2. 3aKoH lNecca (1840 r.)

B ocHOBE TEpMOXMMHYECKHUX PACUYETOR JIEKHUT 3aKOH ['€CCa U CIeNCTRUS
U3 HErO.

Tenosoii 3pPexT nponecca 3aBHCHT TONBKC 0T HAYAJILHOIO H KO-
HEYHOI0 COCTOAHMNA BEUIeCTBA U He 3aBMCHT OT MyTH nepexona. OH pa-
BeH CYMMe TeIJ10BBiX 3Q(eKTOB BCeX NPOMEKYTOUYHBIX CTaAHi npoliecca
(3axoH I'ecca).

Hanpumep:
Mg+ S + 20, = MgS0, AH =-1301,3 x/Ix
a) Mg + S=MgS AH; =-347,3 x/x
0) MgS + 20,=MgS0Oy AH, =-954,0 x]Ix
AH =A H,+AH,
M3 3akoHa I'ecca BrITeKAET pAL CIENCTBUM:
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l. OnTansnus 06pa3oBaHUs XUMUUECKOTO COeIUHEHMS PABHA JHTAb-
MU Er0 PA3IOKEHUA, B3ATOL 10J10 ; b = )
P . H C IIPOTUBOITONOXKHBIM 3HAKOM AH =~ AH

pa

2. M3MeHeHye cTadaapTHOM SHTANBIINK PEAKUMA PABHO PA3HOCTH MEX-
Iy CYMMOH CTaHIApPTHBIX SHTANLNMHA 0Opa3oBaHWs NPOLYKTOB peaklHy M
CYMMOM CTaHJAAPTHBIX SHTANLNHUIT 06pa3oBaHMsi UCXOAHBIX BEmecTB (¢ yyé-
TOM CTEXHOMETPUYECKUX KOIPPUIIUEHTOR (N) B YpaBHEHNUH PEaKLIAK):;

a’\l,'!f: joi - Z”:"\,f::r-r' i Z”A!{::m- HOV B

3. M3mMeHenne crasaapTHOM dHTANbIIMY PEAKUHH PABHO PA3HOCTH MEX-
Iy CYMMOH CTAHIAPTHBLIX SHTANLNMIA CrOPAHUA UCXOAHBIX BEUIECTB U CYM-
MOH CTAHAAPTHBIX IHTANBLIMH CTOPAHKUS POAYKTOR PEAKIHH:

i

4. Ecnu B pesynbrare pana nocieIoBaTENbHLIX XMMMHMECKHX PeakLuii,
CHCTEMA NMPHUXOAWT B COCTOAHHUE, IMOJHOCTBIO COBRMAJAIOUIECE C UCXOLHBIM, TO
CyMMa JHEPreTHYECKUX I3(PPEKTOB ITHX peaklnil pasHa HYIIIO.

3Has TernoThl 00pa3oBAHMA, IETKO BHIYHCIHTS TENIOTY CrOPAHAS U Ha-
00OPOT.

[Myctb tpebyercs onpenenuTs TemIOTY 0OPa30BaHMA METAHOIA, 3Had,
HTO TEI0Ta Ccropanus ero paBHa 729.33 klx. CocraBisem ypaBHeHMe:
CH;OHCOk)+3/20,5(r)=COy(r)+2H-00x), AH, ,, = -729,3 kJIx

[Monp3yace TabnuyHEIMM JAHHBIMY, 1 CIIEICTBUEM U3 3aKoHa ecca, Ha-
XOHUM:

ﬁHTP = Z”Mﬁaﬂ Pog Z ”&HSEP 1N B8
AH'' v = AH oo, *2 AH s nso~ AH ouscvon =5 AH ospo
AH g5p e, = —393,5k00c [ mone

osp H.0 = ~286,8k1c | mone

L)
AH OFF.0s ™ U

£

M E&F CHAOH M ?ﬂ; +2- M E‘lﬂ N M X.F
A e = =3935+ 2 2868  (~729,3) =237 8icTonc ! seas

rae  -237.8 kl/Ix m ecth Tennora 06pazoraHus | MONL KHUIKOTO METHIOBOTO
CIMPTa IIPH CTAaHAAPTHBIX YCIOBUIX.

3akoH ['ecca MoxeT GbITH MCNOMB3OBAH AMd pacuéra JHEPIUM CBSI3H,
SHCPIHH THIpaTaury HOHOB, 3HEPTHH HOHHOU pelETKY ¢ T. 1.

3. YHTponusa. IHeprma Mb66ca.
HanpaeBneHue xuMmu4yeckoro npouecca

Jlonroe Bpems CYUTAIOCH, 4TO, COTNacHo mpuHImIy Beprino u TomMcana,
CaMOIIPOMU3BOJIEHO MOIYT NPOTEKATh TOJNLKO TE XUMHYECKUE PEaKIIMH, KOTO-
pbI€ COIPOBOXKIAKTCA BBIAEHCHHEM Temnorel (AH < 0). Ilpu stom, dgem
Oonelle BBHIAENAETCS TEIUIOTHL B PE3YALTATE PEAKIMH, TeM OGONBITAM XUMMU-
YECKUM CPOACTBOM 00J1afar0T pearupyroniye BEIECTBA U TEM IIPOYHEE IIPo-
JYKTBI peakimy. B NeHCTBUTENBHOCTH 3TO HE coBceM Tak. Hampumep, npo-
HECChI PacTBOPEHNA HUTPATOB aMMOHMA HITH Kaidusd W MHOTHX APYIHX COEOH-
HEHHH, COIPOBOXKNAIOIIMECS NornoieHueM TerioTsl (AH > (), NpoTexaroT
CaMOIIPOU3BOJIBHO, YTO NPOTHUBOPEYMT IpHHLIMITY beptio. 31eck NposBligeT-
Cil MHANCKTUYECKHH 3aKOH eauHCTBa ¥ 60phbnl npoTusononokHocTe. C
ONHOW CTOPOHBI, CHCTEMa CTPEMHTCAS K YIOPANOYEHHIO, (arperauuu) u
YMEHBINEHUID AH, C IOpYro# CTOPOHBI, CHCTEMa CTPEMHTCE K OECIOpARKY
(mesarperauwmm). Ileppas TeHOSHLMA pPacTET C MOHMKEHHEM TEMIIEPATYDSI,
BTOpast — pacT€T ¢ MOBBLIIICHHEM TeMIEPaTyphl. TeHOSHIMIO K OECITOpsKy
XapaKTepHU3YyeT BE/IWYHHA, KOTOPYIO HassBAOT 3HTponuel (06o3nagawoT S).

bonbumMan BeIBEN YpaBHEHUE, COTVIACHO KOTOPOMY

S =k LnW, ' 2)
rie kK — noctoaHHas boibliMaHa, paBHas % :
A

W — BEpPOATHOCTE COCTOAHUSA, ONpPENesseT YHCIO0 MUKPOCOCTOSHHIA, CO-
OTBETCTBYIOIIUX AAHHOMY MAKpPOCOCTOSHUIO. DTO COOTHOMIeH S (2) MOKa3kl-
BAET, YTO JHTPOIMIO MOXHO pacCMaTpHBaTh KaK MEpY MOJEKYISpHOro Hec-
MOpAIKa (HEYNOPANOYECHHOCTH )CHCTEM.

OHTponua (S) oTpaxaeT ABWXKEHME nacTHl BemectBa. OHa BO3pacTaer
C YBEJIMYCHUEM [BWDKCHHS YacTHl] (IIpd HarpeBaHHM, IUIABNCHHM, WChape-
HUH, pacUIUPeHHH Ta3a, NPy ocIablIeHUd U pas3peiBe CBA3eil MeXIy aroMaMu)
U YMEHBILAeTCA B Mpoileccax, CBA3AHHBIX C YNOPSAIOYEHHOCTBI) CHCTEMBI
(KpUCTAJLUTH3AINS, KOHACHCALMS, CXKAaTHE, YIIOPSIOUYEeHHe CBA3EH, TIOIUMEDH-
3auMs, yMeHblneHue uucia yactum). Hanpumep, B riporecce nepexona aéa—
BOJla—TIap SHTPOIMA Bo3pacTaeT, H HaobopoT. [Ipu T=0 cucreMa NOMHOCTHIO
ynopsagouyeHa, W=, SHTpoIus Takoi CUCTEMBI paBHa HYJIIO.

OHTponus ABIAeTCA QyHKUMeH cOoCcTosHud, T.€. e€ m3meHenue (AS) za-
BUCHUT TOJIBKO OT HAYaNbHOTO (S;) U KOBEYHOrO (S,) COCTOSHMS U HE 3aBUCHT
OT IyTH nporuecca. AS = 5, — 5.

Hanpasienue nporexaHus o60ro eCTeCTBEHHOrO MPOLECCa OMpenes-
€T 2-€ Ha4ano (BTOpO 3aK0H) TEPMOIUHAMUKH.

CoryiacHO 2-My Ha4aly TepMOJIMHAMHKH TEIUIOTa HE MOXKET CaMoIIpo-
H3BOJIBHO NEPEXOIUTh OT XOJONHOI0 Teja K ropsiaemy. IlepeHoc TemwioTsl ot
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XOJIONHOTrO Tejla K ropsHeMy o0s3aTe/lbHO CBA3aH ¢ 3aTpartoi paboTsl, KOTOpas
NEPEXOUT K HarpeToMy Teily. lak, B JOMAITHEM XONOIMILHUKE OXJIAKICHHE
[IPOLYKTOB HIDKE KOMHATHOM TeMIIepaTrypbl CBA3aHO ¢ paboToil. Xonoaunb-HUK
paboTaeT, JMIIb KOrZa OH BKIIOYEH B CETh M NOTPEOIET SHEPIUIO NEKTPUYE-
CKOI'0 TOKa, IMEPEXOAAIIYIO 3aTEM B OKPYKAIOMIYIO CPENY B BUJIE TEIIOTHL

Ecma Teno, uMeroinee Temmepatypy T ormaér QQ Teriorsl Teay ¢ TeMre-
parypoit T, T0 00OIIuMi 3anac SHEPrUM B YTHX Tenax He MeHsercs. OIHAKO pas-

AQ

HOCTD T B UTOIC CaMOTIPOM3BOJIBHOIO TNEPEHOCA TEILIOTRI BO3P4ACTACT, T.€.

AQ_AQ 4Q
T T T

AQ

Benuyuya 3 obpaTMoro Inpouecca pasHa niMenenuo (AS ) yHk-

1Y, Ha3bIBAEMOU IHTPONTUEH

AQ

B neoOpatumMsix npespameqpgx AS > 3

OHTpONMA uMmeeT pasmepHocTs [Dx/monsK. 3madenns sHTporvu npu
Q
CTAHIAPTHHIX YCIOBWAX (CTAHNAPTHHIE SHTPONHE Si:) NMPHUBENEHBI B CIIpa-

BOYHBIX Tabnuiax. S’ HPOCTHIX BEUIECTR He PARHBl HYIO. AS,, MOXKHO Bbi-
YUCITHUTE I10 QopMyie:

0 0 0
ﬂ'Sr.p. . ZHSnpuﬂm ZnSr:m’.sus.

Cymurb 06 usMEHEHHH S MOXKHO TI0 H3MeHeHHo 00s8Ma. Hanpumep:

%C(Te) +%¢::02(3) = CO(2)

AV>0, AS>0.

CMEeiCT 2 Havama TepMOIMHAMUKY 3aKFOYAETCA B YTBEPAACHHH, YTO RO
BCCX €CTCCTBCHHBIX HPOLECCaX B H30JMPOBAHHEIX CHCTEMAaX 3HTPONMA pac-
TéT (AS > 0), a B o6patumom npouecce AS = 0.

B 3akpsiThiX cHCTeMax, €ClNHM peakuus MpPOTEKaeT B U306apHO-

U3OTEPMUYECKHX YCIIOBUAX U obpatumMa, AS = %—F- Torga ¢J, —~ 7-AS = 0
unm AH ~ T-AS=0.
s HeoOpaTtuMeIX peaximit AS > %F— , Torpa AH — T-AS < {)

Oyukumt (H -~ T-S) HaselBaetcs sHepruelt I'm66ca wam wu3obaphO-
U30TePMUYECKHM IOTEHIMANIOM U o6o3Hagaercs G;

8

G = H -T-S pasmepHOCTb KJ/[X/MOJIB.

[Tomygaem, 410 B oOpatumoint peaxuuu AG = 0 (kpurepuil papHOBECHS),
a Wi HeobpateMoil AG < 0 (KpuTepuil CamMONpOU3BOJNBHOTO NPOTEKAHHA
peakuuu B NpsAMOM Hampasnesud). MusiMu cioBamu, mpu AG < 0 mporecc
NPUHIMITHANIBHO OCyIiecTBHM, Ipu AG > 0 — mpoliecc caMOTpPOH3BOIBHO
TPOXOAUTE HE MOKET. Hem MeHbIIE AG, TeM CHJIBHEE CTPEMIIEHHE K TIPOTE-
KaHul0 NaHHOI'C Mpolecca M TEM JaNklIe OH OT PAaBHOBECHS, NMPH KOTOPOM
AG =0 u AH=TAS,a T=AH/AS HazpiBaerca TeMNepaTypoil Hauaia pe-

aKIIAY.
AG 3aBHCHT OT IPUPOIBI BEMIECTBA, €r0 KOJIMIECTBA U OT TEMIIEPATYPHI.

O0BIYHO cpaBHMBaIOT AG NPU CTAHIAPTHBIX YCIOBUAX ( AG.. ) AL TpOCTBIX
BEIIECTB A (7. =0 oueprus I'nb06ca apngercd PyHKIUeH COCTOAHNUS, TOITOMY

0 i 0
&G;_p, = Eﬂ tﬁ-anad - ZHﬁG";I_,_,_
CrannaprHoe usMeHenue 3uepruu I'mbbca cra3aHo ¢ KOHCTAHTOMH pas-
HORECHS YPaBHEHHUEM:

AG’= —~ RTLnK
AG" = -2 3RTLgK

4. NMpumepbi pelieHna 3anay

Jaxaya 1

Onpegenure A Ly°  00pa3soBaHNA OTHICHA, HUCIIOGAB3VA CJIEAVIOLIHE
Hp 208

JdHHBIC.
C;:H4(E)+3 Dg(:’;’) == 2COE(E)+2H2O(E) '{EH:F-E 1323/

Peuienue

M3 Tabnuiel CTAHAAPTHLIX SHTANBIHN HAXO0IAM:
&Hzﬁp.ﬂ,&rpj = “393:5-‘@-}1'}3‘5'3 MOIB

U i
.ﬁHaﬁp.Hgm:e} = ~24 1 8xoic | mons
H3 3akona I ecca

M.p. = Z & &Hipod - z i, AH‘;:::LE##. :

rac I ¥ m — YHCI0 MOJIb KOHCHHBIX U HAYANBHBIX BEUIECTB, T.€.

0 0 o o
éH.{-p. =& MH:L} +2: zﬁ.Huﬁp.f:Gg B M:‘hﬁp.cz.ﬁr.-;




OTKYIa
AH cocns =2 AH o0+ 2 AH o, = AH -,

AH, ., =2 (-2418)+2-(=393,5)  (~1323) = +524x/Torc / mons,
3anaua 2

I'lo naHHBIM CripaBOYHBIX TaOJIWIL BEITHCIIUTE A, PEAKIIH

|
¥ ONPENeTUTe BOZMOKHOCTS POTEKAHMS €€ B CTAHAAPTHLIX VCIOBHSIX.

Pewene
AG:, =2 AGlo+3 AGro=2AG
HcnoJib3ys TabNIIHbIC JAHHBIC 3HAYCHUH A (70
«ﬁGE@s g T 16.64x{xc ! mons
AGhssno = +86,69%i1 / mons

0
&Glgﬂfflﬂ{x} = ~2713.5K4c [ mone

0 0 ¥ .
A’ TPOCTBIX BemecTs papHa 0, T.e. Ao, = 0> HAXOIIM:

.ﬁGi.p, =2-86.69+3~273,5/-2/-16,64/ =-50584xJxc

CJIEL{GE&TEJIBH{}, B CTAHOAPDTHBIX YCIIOBWIAX HaHHAM PEeAKil{s] BO3MOMXKHA.

AG., =-50584<0

2apaya 3
Beraucours AG Tpouecca CaO+H,O(x)=Ca(OH )y,
[pu 25°C, ucxons u3 3avennit AH” u AS” pearupyioniux BenecTs.

Peuierie
Ca0 H,0(%) h Ca(OH),
5 635, 1 -285,84 986,2
50 Mfff( 39,7 69,96 83,4
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OnpenessieMm AH. DEaKIHK:

&Hip. = Mi{ﬂﬂ;; B AH;:-:::_ A.Hi*;r:} &Hip- = 65,3/l
OnpenenseM H3MEHEHHE SHTPOMNUH PEAKIIU:
AST, » A8 s~ A ASD AS?, =266 oI K- o
Ucnonesys ypaBHenue [ 'ub0ca— lensMronsila, HaXoJAWM H3MEHEHHE
oHeprun  I'mbbca, nepesenst A¢” B KK AG® = AH— TAS

5(;"; =-65,3-(-26,26-10" - 298) = —57,4x /[
.L\.GG <0, CJEHOBATEIIbHO, HaHHad peakuus] TepMOIAHHAMHYECKH BO03-

MOXHa (MPOTEKAeT CaMONPOU3BOJIBHO).

5. OKCNepuMeHTanbHasa 4acThb

B cyxo# xanopuMeTpHUIECKUH cocya Hamete 25 cM™2M pacTBopa Irua-
pOXCHAA HATPUA WIM KalHg, TOYHO OTMEPEHHOTro OIOpEeTKON HUNM MHUIIETKON.
3aKkpo#Te cocyr IpoOKOH, HE Kacaichk TE[JMDMB’SPUE{ nHa cocyaa. Mamepsre
TemMIepaTypy pactBopa ¢ TogHoctsio 10 0,1 C° (¥,

BBICTPO, HO OCTOPOKHO, B KATOPUMETPUIECCKHMM cﬂcyﬂ BreiTe 25cm 2M
pacTBopa COJISHOM KHUCIIOTHL U, NEpeMeluBas pacTBOp, HabmromaiiTe 3a Io-
BLILUEHHEM TEMIIEPATyDBL OTMETBTE MAKCHMATBHYIO TEMIIEPATYPY pacTBOpa
¢ rogHocTBIO 10 0,1 C* (£,0).

3anuce pe3yabTaToB:

HayanpHas TemnepaTypat %

MakcuMalnsHaa TeMreparypa .. C

Obbém miénount V

- O0BEM KHMCTOTEI Vi

Konuenarpauys wgnoun Cum,,

Konuentpamus kucnorsl O,

Brivucnenus

1. Onpenenute U3MEHeHHE SUTANLIMH PEAKMy HelTpanuzauuu 25 e’
2M pacrteopa WETOYH CONAHON KUCIOTOH, NPUHAB IUTOTHOCTh BCEX PacTBO-
pOB paBHOM €IUWHHIE, a TSIUIOEMKOCTE PaBHOM TEIUIOEMKOCTH BOIBI, T.€.

4,184 JIx/moip rpap.
AH, =(m; +m)-M° 4184 [
At=At)  —At)

CAE My, W My~ COOTBETCTBEHHO Macca CIET0YHU U Macca KUCJIOTEL (B I), paBs-
HEle MX 0OBé&MaM (B cM°), T.K. TUIOTHOCTE pacTBOPOB MbI NPHHSAIH pPaBHOH

I rleM’, (m=p-V).
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2. BEIMHCIHTE W3MEHEHHE SHTANBINH A JJ, PEAKLMK HEWTpanuzauuu |
MOJIb KMCIOTHI B KIK/MONE, YauTHIBad, 4To 25 cM” 2M pacTBOpa coaepxar

n= 25.254&.?1&: kucnomvr AH, = A,
1000 1-1000
3. CocrapbTe ypaBHEHWE peakliH HEMTpanHu3aluy ¥ BLMHUCIHTE TEOPETH-
4JeCKOe 3HATCHHE M3MEHEeHHs SHTaNbIMY AH peaxkuyy HelTpavM3alii. DHTAb-
may obpazosauus Boael, NaOH HCI u NaCl B pacTBOpEHHOM COCTOSHWW COOT-
BETCTBEHHO paBHbI (B K/bx/Mons): -285,84; -469,45; -167,36; -406,27. Harmvmnm-
TE€ TEPMOXMMUYECKOE YDaBHEHUE PEAKIIHN.
4. BBIYHUCIIHTE OTHOCHTENBHYIO IOrPEIHOCTE OIBLITA:

AH _ ~AH,

meop

H

mepp.

kllowe | Monw

100%

Yoot =

6. OnpegenegHue TeINioTh! rKAPaTailuy CoONK

[Ipu pacTBOpEeHNM KPUCTAUTHHMECKYX CONEH B BONE NMDOMCXOMAT JIBA OC-
HOBHBIX TIpOLIECCA: NEPBBIM — HIOTEPMMYECKIM, CBA3AHHBIN ¢ pazpyiieHH-
M KpHCTAUIMYCCKON PEMIETKH; BTOPOH — 3K30TEPMHYECKHH, 00yCmoBneH-
HBIH B3aUMOIEHCTBMEM YaCTHL[ PAcTBOPAEMOID BEILECTBA C MOIEKYJIaMU
PacTBOPHUTENS M OOpa30BaHHEM I'MIPaTHPOBAHHBIX YacTHI (MOHOB, MOJE-
Kyi). B 3aBACHMOCTH OT TOTrO, KakoH U3 JABYX TEIUIOBAIX IIPOLECCOB IpPeos-
nanacT, TeIUIOBOH 3QpexT pacTBOPEHHA MOKET OBITE NOJOXKHUTEILHLIM FUIH
OTPHLIATENLHBIM.

A oupeneneHys TEMNOTH THOpaTalHHd JHOGOH COMH HEOoOXO0MMMO
3HATh TEIUIOTY pacTBOpeHms O6e3roauo¥ conm (AH,) M TEIUIOTY pacTBOpEHNA
KPUCTAUIOTHAPaTa 9TOH ke coitk (AH ;).

Comjtacuo 3axony "ecca: AH,,,,, = AH, + AH,

7. Onpegenexue TennoTh! pacTecpeHnna cynbdara meaw
{OezBOgHLINK)

OnmIT 110 ONPEeNeNeHIt0 TEIIOTH PACTBOPEHUS IPOMIBOAMTCA B KAJO-
puUMETpE. B npeaBapuTensB0 BIBEIIEHHBIH KalopuMeTpHueckul ctakas {my,)
HanaTk 100 M pueTHuposansod Boasl (m,). Orsecuts 2,25 1 6€3B01HOTO
cynb(ata Menu ¢ TourocTEI 10 0,011 (m,). OrMeTuTs ¢ TogHOCTHIO 10 0,1°
TEMIIEPATYPY BOILI B KAJIOPUMETPE — f), 34TeM [PU NepeMeLIMBadiH BHECTH
COJIb HEPEe3 BOPOHKY B BOAY M OTMETHTL MAKCUMAILHYIO TEMIIEPATYDY — Is.

]2

=

PesynbTaThl HaMepeHUH pa3MeCcTUTE B BHJIE CTOJI01A;

M, —r
Mg 4
mc:om‘ — I
t; =
s I

PaccuuraliTe KOJIMYECTBO TEIUIOTH], BhIOCNHMBIIEHCA B KaJlOPUMETPE [0
dopmyne:
q- [CI Mem T Cz(m_g'l"deﬁf,

rae ¢ — KOJM4YecTBO BhiAenuBLiedcs Termnotst (JDx);
mg — Macca BoJesl (1);
mc — macca cond (r);
Mcr — MAcCa KATOPUMETPHUYECKOTO CTakaHa (T);
C, - yuensHas TemwioemMkocTs crekna (0,753 JIx/r.rpan);
C, - yjensHas TeIUIoeMKoCTh pacteopa (4,184 Jlx/r.rpan);
At — pazHOCTB TeMuieparyp (ty —ty).
Paccuuraiite TeruioBoit addext AH no dopmyire:

gM
m_1000

AH, =
rae M — MouisipHasa Macca 0€3B04H0M MOJIH,

8. Onpegenedue TenoThl PacTBOPEeHUsA
Kpuctannorugpara cynbdara meam CUSO, . 5H,0

OmBIT MO ONPEHCICHUIO TEIUIOThl PACTBOPEHUA NMPOWU3BOAUTIC B Kajio-
puMeTpe. B npeaBapuTensHO B3BEINEHHBIH KaTOPUMETPHYECKHM cTakaH Ha-
nuth 100 M mucTwuinpoBanHOM Boau (mg). OTBecuth 2,51 KpHCTaJLTOr U/~
para cynabpara Mead CuSO45H,O(m, ), OTMeTUTE ¢ TOYHOCTBIO 10 0,1 TeM-
nepaTypy BOABI B KWIOpUMETpE t;, 3aTeM NpH NEPEMEUIUBAHUN BHECTH COJIb
yepe3 BOPOHKY B BOJY ¥ OTMETUTh MaKCUMAaNbHYIO TeEMNepaTypy — t, Pe3yis-
TAThl U3MEPEHKH pasMeCcTHTh B Tabluiie B BUOE CTOIOLA!

Mg =T

Mg —T

Mer —F

T

R

PaccuuraidTe KOJIWYECTRO TEIUIOTH], BBIIECNMBINEUCS B KAJIOPUMETPE MO
bopmyste

q = [CiMem + Co(mp+mg)]
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Paccuuraiite TEIIOTY pacTBOPEHU KpUCcTaUIaruapara no gopmyJie

AR e T
m 1000

roe M -~ MongpHas macca kpuctautoruapara CuSOy -5H,0.
B3ss 3Hauenue TemnoTsl pactropenus AH; u AH,, onpeneiure TEIUIOTY
rUapaTamay cyubdara Meau no dopmyne AH = AH, _AH,

9. Bonpocel Ansa nogroToBku. YnpakHeHus
M 3aa4u No Teme

1. ITowemy mpu oOpazopasHuy MoJIb BOABI U BOXAHOIO ITapa BBIAEHAETCS
pa3Hoe KOJIHYECTBO TeIua?

2. BBIMUCIUTE A f7° UL PEAKLMH:
CoH(D)+H,0(0)=C,HOH (%)
CoHy(r)+H,00x =C,H;OH(x ),
AH 11,00 = ~24L4x1onc | oo
AH 11500 = 2776501 | soms

SCTIHA A ngm = 52,3&/Ixc | mone

{
AH 1,00 = —285.8xoxc | mone
3. BeIYHCIUTE Z&ngg peaKIuii;

ﬁ) C2H5(F)+7f202 e COE‘*FBHEO(F?I

6) CeHe()+15/20,=6CO,+3H,0(k)
€Cjin /_\H;F_mz = ~393.51x/loc / mone &Hiﬁp,ﬁaﬂ{u} =24 L4dr il [ Mons

0 P N |
e ! ;
A HsO(ae} ™ 285,830 | moaw

&H;ﬁp.ﬂ,‘}_}fﬁiﬂﬁ = 84 6Txllore | monw
aH;F_Cﬁjjﬁ_{Kl = ﬂigj}EﬂH ; MOAL
4. BRIYHCIATE M3MEHEHHE CTAHAAPTHON SHTPOTIVY A" IUI peaKiii;

CO+1/205(r)=COx(r), ucrionpsyd 13 TabauaHbIX JaHHLIX 3HAYEHHS 3H-
TPOIHH 00Pa30BAHUA OTIENBHLIX COEIRHEHMUIN.
S. Bemmemnts A0 peakmun: COCL, = CO+CL, /nonssysack 3Haye-

HIAMU 5 5 00pa30Banus OTHENBHBIX COeNMHEHWH/. QuperennTe BO3MOXK-

HOCTBE €€ OCYINECTBJICHUA B CTaHIAPTHRIX VCIOBHAX.
6. BuaucauTh AG WA peaxIuy CaCO;(x)=CaO(x)+CO-(r) mpu 25°,

500°, 1500° C (3aBHCHMOCTHIO AH’ B AG" OT TeMITepaTyphl MOXHO TIpe-

HeOpeyh). YKaXHTe, OpU KAKUX TEMIEPATYpax peakiis MOMKeT IIpOoTeKarh
CaMOTIPOU3BOILHO.

14
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10.

KonTpoJ/ibHbIE BONIPOCHI

Yrto maswiBaeTca cucTemoii? KakuMu napaMeTpamu XapakTepH3yeT-
cq crucTteMa?

BHyTpeHHAs 3HEPTUS CHCTEMBI.

[TonsiTie 00 H30XOPHBIX U M3002APHBIX MPOLECCaX.

YTOo Ha3pIBaETCA IHTpONHEH?

JHTAJIBITUA 00paz0BaHUAg COSTUHEHUN.

CTaHzapTHBIe SHTAILINY CrOpaHuA ¥ 00pa30BaHysI BEMIECTB.

3akoH I'ecca M €ro CNEOCTBHA, MX MPUMEHEHHE B TEPMOXUMIIECKUX
pacyeTax.

OnpeneneHue Temwior (3HTAILIMNA) HEUTPATH3ALMY, pPacTBOpEHUA,
TUApaTaluy.

OHTpomvsA. YpapHenue bonsumana. Kak H3MEHAETCS SHTPOIMA C
H3MEHEHUEM TEMIEPATYPHI.

OHeprua ['mbbca. Kputepmit caMOmpom3BoOIBLHOTO POTEKAHMS
IpoLeccea.

15




JIABOPATOPHASI PAGOTA Ne 2.
CKOPOCTb XUMUYECKUX PEAKLIUMA, XUMUYECKOE
PABHOBECHUE

[[env: HAY9UTHCS OTIPEIEIATD!

— 3ABUCHMOCTH CKOPOCTH XWMHUYECKOW pEeaxiu OT NPHpOAkI peard-
PYIOIIMX BEIIECTB, TEMIEPAaTypPhl, IPUCYTCTBHUA KaTau3aTOpOB;

— BIHSHNAC Pa3NMIHbIX PaKTOPOB Ha XUMHYIECKOE PaBHOBECHE.

1. Teoperuyeckas 4acTtb

XUMHYECKad KMHETHUKA — 3T0 YUECHUE O CKOPOCTH U MEXaHM3Me XHMUYe-
CKHX peakiil ¥ UX 3aBUCUMOCTHU OT Pa3nuIHbIX (PaKTopOB.

CKOpOCTHHO XMMHYECKON peaklMy HAa3bIBAIOT YUCIIO 3JIEMEHTAPHBIX aK-
TOB B3aMMOIEHCTBHA, MPOUCXONANIMX B €IUHUILYY BPEMEHH B eIuHUIEe 00be-
Ma (Ui TOMOTeHHBIX peakuwil). Be MOXKHO ONpemeNuTh YHCIOM MOJEKYJI
(MOJIb) BEIIECTRA, PEArupyIOIUX B €HHHUILY BPEMEHH B 00BEME!

Fa
yo_An
VAt
An 3
roe T = ( — U3MEHEHHE KOHLEHTPAIIMHY BEINECTBA (MOJIL/IM )
AC
Torma V = ——
At

CHEHUH&TEHLHEL CKOpPOCTh ITOMOTEHHOU pPeaKiv HM3MEPACTCA H3IMCHE-
HUCM KOHULEHTpPAUWM PEATMPYIOIIMX BEIUICCTE B CAHHULY BPCMCHH.
AC  €,-C

V:-—-——-—-—-—:— .

rae V— cpenHss CKOpOCTh XUMHMYECKOH peakiuu;
('} — KOHUIEHTpaIua B MOMEHT BPEMEHH T;
(> — KOHLEHTPAIMA B MOMEHT BPEMEHH T»;
FHAK «—) MOKa3bIB4E€T, 4TO HGPHIEHTPHHHH HCXOOHBIX BEUIECTB B X0O4¢C

peaKIuy yObIBaeT.
HMcTuHHEAg CKOPOCThL B NaHMBII MOMEHT paBHa NepROM MPOU3BOAHON OT

KOHUCHTPAUHWH ITO BPEMEHH!

dc
A SRS
art
B roMoreHHOH CHCTEME CKOPOCTE XUMMWYECKOW peaKUUW 3aBUCHT OT
NPUPONBI PEATHPYIOMINX BEMIECTB, MX KOHLEHTPAUMH, TeMIEpaTypsl, Halu-
qyg KaTalu3aTopoB, NPUCYTCTBUA NPUMECEH W NPUPOILI pACTBOPUTEIICH.
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B rereporeHHO# cucTeMe B3aMMOJEHCTBHE MPOMCXONUT HA IOBEPXHO-
CTU paslicjla pearupyromux BEIECTB, I0O3TOMY MpU NPOYHX PABHBIX YCIOBU-
AX YBCIMYCHHE ITOBEPXHOCTH pasnesid, AU Qy3uM pearcHTa K 30HE B3auMO-
JICHCTBUA ¥ yIaleHHE IPOAYKTa MOBBIMIAIOT CKOPOCTh XMMHIECKOM peaxiFy.

3asucumocms cxopocmu peakyuu om Konyenmpayuy ONpeaenaercsa 3a-
KOHOM AEHUCTBYIOIIHUX MAcc:

CKOpOCTh XMMMYECKOH peakuyy HpH HOCTOAHHON TeMIIEPATYpPE NPSAMO
NpoNoOpUHOHATIbHA MNPOM3BENCHMIO KOHLCHTPALMK pEearupyrolidx RelecTs,
B3ATBIX B CTCTICHAX, PABHBIX CTEXHOMETPHYECKHMM KO3 QHIHEHTAM B ypaB-
HEHWUW PEaKIUn.

Hanpumep, ma peakipu 2NOHO, = 2NO, 3aKk0H AeHCTBUA MACC UMEET BAL:

— #
V"“k'c ..:J‘I'r{] .C{}E:‘

re VvV — CKOPOCTh XMMHYECKOH DEaKIIHUH,
K — KOHCTaHTa CKOpPOCTH,

Crno ¥ C,, — KOHLEHTPALWY PEATUPYIOUINX BEIIECTR.
s peaxnmy, 3anucagnoif B o6uiem sune;
mA-+nB = pC+qD

3aKOH [EHCTBYIOWIMX MACC BBIPAKACTCA CIEAYIOUIUM KHHETHYECKUM
YDABHEHUEM: |

V= kaA*CHE
rie Ca, Cg — MONApHBIE KOHLEHTPALUMHM BEIIECTB A U B B Jauuniil MOMEHT
BPEMEHH,

m, N — CTEXHOMETPUIECKHE KOIPPUUUEHTH! B YPaBHEHHH PEaKLIUH,

kK — ko3 puImeHT MponOpUHOHATLHOCTH WM KOHCTAHTA CKOPOCTH XH-
MHYECKOU peaximi.

[Mpu Co=Cp=I1 Mons/mm’ nomy4daercs, 91o v = K. CleI0OBaTENIbHO, KOH-~
CTaHTa CKOPOCTH PaBHA CKOPOCTH XUMMYECKON PEaKIUU NIPY KOHUEHTPALMIX
PECATHPYHIINX BEIIECTB, PaBHbIX eAUHHIE. KOHCTAHTA CKOPOCTH 3aBUCUT OT
MPUPOABLI pEarvpyIOMUX BEMIECTB, OT TEMIEPaTYPhI.

YBeMUCHHE TABIEHHA B Fa30BBIX CHCTEMAX PaBHOCHILHO VBEIMUEHMEO
KOHUCHTpALMY, 1I03TOMY B YPABHEHHH CKOPOCTH DEaxiHy BMECTO KOHIEH-
Tpaliii MOXHO B3ATh NapUMalibHOE NaBienue rasa. Hanpumep, g peakimu:
N,+3H,; «» 2NH; ckopocrs peakimu onpeensercs BLIDAKCHHUEM:

V= kFN2P3H2

B rereporeHHsIX peakimaX KOHLEHTPAUWM TBEPABIX BEIIECTB OOBIYHO
HE M3MEHAOTCA B XOLE PEAKLUMK U NOTOMY HE BKIIOYAIOTCH B YPABHEHHE 3a-
KOHAa NEeUCTBUA MacC. Tak, CKOPOCTh peakiuy:

C(m}"}“H;gO > CO+H2
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3ABHCHUT TOILKO OT KOHIEHTPAMY BOASHOIO rapa:

I OT IUIOMIAAH TIOBEPXHOCTH TREPAOTO YITIA, T.€. CTENEHH €r0 U3MEILYEHHA.
3asucumocmes ckopocmu XUMUYECKOU peakyuu om memnepantypel NpH-
OIKEHHO MOMET OBITh BhipaxeHa rmpasunoM Baut-I'odda (1884 r.):
«IIpu NMOBLIEHHM TEMIEPATyYPhl Ha KaXKIble 10° ckOpoCTh TOMOTEHHO#!
peakiuy ypennausaeTca B 2—4 pa3sa, T.€.

I2-1 -1

= g ; 5 10
v =J m ’VTE'—VT]J
I}

rae ] -TeMIEpaTypPHbIA KO3 UIMEHT CKOPOCTY pPeakiLyvy, paBHBIA NPUMEp-
HO 2-4; OH MOKA3bIRAET, BO CKOJLKO Pa3 YBEJUYUBAETCS CKOPOCTH HaHHOH
pEaKLMH [IPH [TOBBIINEHUH TeMIIEpaTyPhl Ha 10°.

bosplioe BIUSHHE Ha CKOPOCTH PEAKIUM OKA3BIBANOT Kamanuzamopel —
BEIHIECTBA, CHOCOOHBIE M3MEHHTHL CKOPOCTH XMMHUYECKOW peaKliuy 3a CYeT
B3aUMOJICHCTBUA C MCXOHHBIMH BEIIECTBAMU, HO B KOHIE pEaKLMU OCTal0-
[HeCcs HEU3MEHHBIMH. Benecrpa, yCcKOpsSIOmHe XHMHYECKWH Tpolecc, Ha-
3BIBAIOTCA ITOJIOKUTEbHBIMHA KaTalu3aTOpaMy, 3aMeNBIIIME — OTpuiia-
TEJBHBIMH (MHTHOMTOPaMH).

JleHCcTBYE KaTaM3aTOPOB CrielM(puIHO 1 00YCIIOBIEHO IIPUPOIOH KaTa-
au3aropa, ero PU3WYeCcKUMU CBOMCTBAMM K JaXe CnocoDOM IpeaBapuTellb-
Ho¥ oOpaboTky.

Bce katanuTHYecKkHe MPOUECChl HENIATCs Ha [Ba TUIIA: TOMOTEHHBIA U
[ETCPOTEHHBIN KaTanus. [Ipy roMOreHHOM KaTanu3e Karalu3aTop M pearu-

PYIOIME BEIIECTBA COCTABIAOT OIHY (hazy (razoByro MM KuIkyr). [Ipu
TeTCPOreHHOM KaTajiM3e KaTanuzaTop o0pasyer caMocToATeNbHYio a3y M
B3aMMOLEHCTBHE IPOTEKAET Ha IOBEPXHOCTH pasjera das.

lleAcTBYE KartanMzaropa OO0BACHAETCS TEM, YTO IIp¥ €ro Y4YacTHH
BO3HMKAIOT HECTOVKHE NPOMEKYTOUHbIE aKTHBHPOBAHHBIE KOMILIEKCH],
pacriai KOTOPBLIX HPUBOAWT K 00pa3oBaHuI0 IPOLYKTOB peaxkuMy M Ka-
Tanuzaropa /K/. Dpy 3TOM NOHMXXAETCH BEIMYMBA JHEPIMM aKkTHBAaLMM, T.€.
YMEHBIIAETCH PA3HOCTh MEXKIY CpelHed JHeprueidl axTUBHBIX MOIEKYII
[aKTHBHOTI'O KOMILIEKCA/ U CpenHel JHepruet MOJIEKYJT UCXOIHLIX BEIECTB.

A+K—[A... K] —AK B AL KT a ™A BT
aKTHBHPOBaHHBIN
KOMIUIEKC

AK+B-[AK...B] —AB+K
AKTVBUPOBAHHbBIH
KOMIUIEKC
KaranmuzaTop Ha HCXOHYIO 2HEpTHIO BewlecTs A, B n AB He Binser.
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Eatr AK ... BT <"*7[A...B]'.

Jaxe HeOONbII0e YMEHBIIEHNUE SHEPTAN aKTHUBAINH IIPHUBOIMAT K 3HAYH-~
TEJIbHOMY BO3PacTaHHIO CKOPOCTH peakiui. Tak, noa geicteueM OHOIOTH-
YeCKUX KaTau3aTOPOB — ()epPMEHTOB — IHEPTHA AKTHUBAIMM XUMHIECKHAX pe-
AK[MHK B JKWBBIX OpTaHHU3MaxX PE3KO CHIKAETCH, ¥ 3TH PEaKIIHH JOCTATOYHO
OBICTPO HNPOTEKAIOT IIPU CPABHUTEIBHO HU3KUX TEMIIEpaTypax.

Obmue 3aKOHOMEPHOCTH KaTaIMTUIECKHUX Peakipil; KATAIU3aTop

— obmamaer crneuuMUIHBIM, W3OUpATENbHBIM HedcTBHEM (HAampuUMep,
YCKOPAA OOHY PEaKkuuio, KaTajJHu3aTop YacTo COBEpLUeHHO He 3(deKTHBEH
JJis. ApyTOH);

— KaTaIM3UPYET TONBKO S3HEPIETHYECKH BO3MOXHBIE PEAKIIUH, JUIS KOTO-
DBIX

AGY<0

— YCKOpPSeT Kak NpiAMyI0, Tak ¥ 00paTHYIO PeaKUMIO B OMUHAKOBOE YUC-
JI0 pa3 (T.€. He BIMAET Ha HANPABIEHUE COCTOSHUA PABHOBECHS, JIUNIL YCKO-
PAET €r0 JOCTIDKEHHE);

— HE PacXoyeTcs B peakliMy, U3MEHSAET JUCIO M XapakTep 3JIeMeHTap-
HBIX CTaIUI.

2. XuMHnUyecKoe paBHoBecHe

Bce xuMudeckue peakuuy MOXKHO pa3sfeNiuTh Ha HeoOpaTuMble, Halpas-
JIEHUEe KOTOPBIX HE 3aBHCHUT OT BHEIIHMX YCNOBHM, ¥ oOpaTuMBle, Halpase-
HUA KOTOPBIX MOMKET U3MEHATHCS B 3aBUCHMOCTH OT TEMIEpPATYphl, KOHLEH-
Tpaumy, JapieHus. OOpaTUMbIMYM HAa3biBAIOT PeaklHd, KOTOPbIE B paccMar-
pHBaEMBIX YCIOBMAX MOT'YT IMPOTEKATh KAK B NMPAMOM (—), Tak U B 06paTHOM
(+—) HaOpaBICHUSIX.

PaccMorpumM cbpatiMyr peaxumo B o0mmem BHJE:

mA+nB « pC+qD

[IpyMEHME 3aKOH IEHCTBYIOWUX MacC K NpsiMod M o0paTHOM peakiyamM, Io-
JIYHHM. Vﬁkl*CmA*C“B VEZKE*CFE*CE‘D
ri€ V| M V; — CKOPOCTH IPAMOM ¥ 00paTHOM peakumi.

llo Mepe npoTexkaHws peakuuy KOHUESHTPALHs WCXONHBIX BEIUECTR
YMEHBIIAETCS W CKOPOCThL MPSMOH PeakiMM V; yObIBaeT, a CKOpPOCTh 06par-
HOU pEeaKlMu V, BO3PACTAET BCJIEACTBUE YBENMYCHHA KOHUEHTPALAM ITOJLY-
GCHHBIX BeIecTB. Hakowel, HacTymnaeT MOMEHT, KOIJ@ CKOpPOCTh OOpaTHOro
[poliecca CTaHOBMTICS PABHOH CKOPOCTH IPAMOI0, TO €CTh Vi = Va.

CocrosHue CHCTEMBI, IPH KOTOPOM CKOPOCTH NPSMOM peakiyy paBHa
CKOPOCTH 00paTHOM, HAa3bIBACTCH XMMHYECKAM DPAaBHOBECHEM, & KOHLEHTPA-
(MY BCEX HETHIPEX BEIIECTB — PABHOBECHBIMU KOHIEHTPALIHAMMA.
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M3 paBeHCTBA Vi = V, BBITEKAET
ki[A]™*[B]"=k;[CP*[D]® [ ] o3nagaror PAaBHOBECHBIE KOHIEHTPAIIUH.

k C)” -[D])*
Orciona — = Kp = [ ]m [ ]H
2 [4]" -[B]
ki M ky JU19 NaHHOM peakuuy NpH JaHHOM TeMIlepaType ABJISITCA BEJH-
k,
HHHAMHE MOCTOAHHBIMY, W WX OTHOILOEHHE — = Kp — BEJIMYMHA NOCTOAHHAS,
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Ha3bIBACTCA KOHCTaHTOM pasHoBecusa. CnenosaresibHo, K TIOKAa3BIBAET, BO
CKOJIBKO Das CKOPOCTh MPAMOM peakiuy Oosblle CKOPOCTH oOparHoil. 1o
3HAUMT, €C/IM BEMYMHA MEHbIIE €IUHHLBI, TO o0parHas peakims WIeT C
Oonpiieit ckopocTeio. TakuM 00pa3oM, IO YHCIOBLIM 3HAYCHHSM K MOMKHO
CyIUTE O HalpaBIeHHH peakuuu. EciM xoHCTaHTa pasHoBecus K o4eHb Be-
maKa (K»1), 970 3Ha4uT, 9TO MpPSAMAs peakius MAET TIOYTH 1O KOHLA, B TO
BpeMA Kak o0parHas IOYTH He MIET. B 3TOM ciyuae PABHOBECHE CIBHHYTO
BOpaBo. lIpy oveHb ManoM 3Haveruy K HMOET NPeUMYIUECTBEHHO obOpaTHas
peaKuus, paBHOBCCHE COBMHYTO BekO. Ecimnm Bemnuuna K GiM3ka x enuHule,
TO peaxuus NpakThiecku obparuma. KoHcranTa paBHOBECHA 3aBHCHT OT TEM-
NEpPaTypbl ¥ MPUPOABLI PEArMpPYIONIHX BEILICCTB W HE 3AaBUCHT OT HCXOIHOIMA
KOHLICHTPalliy peareHra | NpUCyTCTBUA Karaimsaropa. Katammzartop, yekopsis
H NPAMYIO, 1 00paTHYIO peakLHIO, CrIOCOBCTBYET CKOPEHIIEMY VCTAHOBIEHHEO
PaBHOBECHS, HO HE OKa3bIBAET BIMAHMA HA COCTOAHME PABHOBECHSI.

[C]” - [D)
[A]" -[ B .
Macc s OOpPAaTHMBIX peakuMil: OTHOMICHHE MPOM3BENCHHS PABHOBECHBIX
KOHLEHTPALUMK IMOJYYEHHLIX BEINECTB B CTENEHSIX MX CTeXHUOMETPHICCKUX
KOY(QOHIMEHTOB K MPOM3BELEHIIO DABHOBECHBIX KOHILECHTDALMHA HCXOMHEIX
BEIICCTB TakKe B CTENICHAX WX CTEXHOMETPUHECKUX KOA(D(PHMIHMEHTOBR ecTh
BeTMYHHA NOCTOAHHAA IIPH TAHHOW TeMIEpaType.

XUMUYECKOE DPABHOBECHE XapaKTEpH3YeTCAd MOCTOAHCTBOM IHEPTHH
['nbbca cueremel. Paercteo AG=0 gBNA€TCS TEPMOIHHAMMYECKHM YCIIOBH-~
M XHMHAMECKOro paBHOBeCHA. KOHCTaHTa PaBHOBECHS CBS3aHa CO CTAHAAPT-
HOM 3Heprue# ['mb0ca /AGy/ naBHOM peakiyi COOTHOIEHUEM:

&GT: “*‘RT E].’]K,

rae R — yHHBepcalbHas ra3oBas nocrosHgas (8,3 I Ix/mone*K)

T’ — abcomoTraas Temneparypa, K

K — KOHCTaHTa paBHOBECHS.

AVMUYECKOE DABHOBECHE OCTASTCS HEH3MEHHBIM, HOKA OCTAIOTCS IIO-
CTOAHHLIMH NapaMeTpel, IPU KOTOPLIX OHO YCTaHOBHIOCH. IIpH mM3MeHeHuHU
YCIOBUH paBHOBecHe Hapymaercs. CMmenieHne (CIBHMI) PaBHOBECHS B 3aBH-
CHMOCTH OT U3MCHEHHS KOHUEHTPALMH PearupylomuX BemlecTs, TeMIIEepaTy-
Pl JaBJIeHHA B 00IeM Busie onpenensercs mpurmurom Jle-Illarense:

CooTHOmIeHHE K = ABJIAETCA BBIPAXKCHUEM 3aK0HA JEHCTBAA
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Eciu B cucreMe, maxonsmeiics B PaBHOBCCHM, H3MEHHTE OJHO H3 YCIIO-
Bud (P, T, C), To npoucxoaur CMCIICHHWE DABHOBECHS B HAIPAaBICHAW TOMH
PEAKILHH, KOTOpas NPOTUBOACHCTBYET [IPOMU3BEACHHOMY M3MEHEHMIO.,

PaBHOBecue cMemaeTcs B Ty HIH HHYIO CTOPOHY NOTOMY, YTO HU3MeEHE-
HHE YCIOBUM 110 PA3HOMY BIIUSIET HA CKOPOCTE IPAMOH H 00paTHOM peakimii.

PaBnoBecue cmemaetcs B CTOPOHY TOH peakiHH, CKOPOCTh KOTOPOi npu
HAPYIICHUY PaBHOBECHS CTAHOBUTCS OOJIbIIE.

Coznacno npunuyuny JTe-Illamenve:

[. Veelmuenve KOHUEHTPALMM OTHOTO M3 HMCXOIEAIX BELECTB CMELIAET
PABHOBCCHC B CTOPOHY MPOTEKaHMA TIPSMOM peakiiy (T.K. DU 3TOM CKOPOCTH
[PAMOM peakIiy CTaHeT H0/bIIe CKOPOCTH 00paTHOM), YBETMUEHUE Ke KOHLIEH-
TPAlHH TPONYKTOB PEAKUHM — B CTOPOHY OOpaTHOM peaxipmm. Hanpumep, mnpu
yBeHeHAy KoHueHTparmy FeCly; » NH,CNS parnosecue B cuctenme

FECI3+3NH4CNS > FE(CNS)3+3NH4CL

CMCIHACTCA BOPaBO, a MPY yBeNWYeHNH KeHuenTpammn NH,Cl — Bieso.

2. Ilpy ysenuueHns [ABNCHUS paBHOBECHE CMEIIAeTCs B CTOPOHY 0Opazo-
BAHMA MEHBIICTO YHCHA MOJIb 1234, T.K. OHY 3aHUMAFOT MEHBIIIUIE 06BeM.

3. Ilobimenue TeMuepatypsr cmemaer PABHOBECHE B CTOPROHY 3HHO-
TEPMHYCCKOH peakiiy, TOHIDKeHUE — B CTOPOHY 5K30TCPMHUYECKON peakiiuu.

3. IKCrepuMeHTanbLHas 4acThb

3aBHCUMOCTL CKOPOCTH XUMHUYECKHX PEAKIMH 0T KOHUCHTPAUUN ¥ TEM-
[ICPATYPBI B TOMOTE€HHON CUCTEME MOXKHO MOKA3aThH HA ODUMEPE B3aUMO e -
CTBUA PACTEOPOB CEPHOM KHCIOTHL C THOCYIBE)ATOM HATPHA:

NHESEO'J* +HLS D¢:Nﬂ2804+8l”"502‘+“H20

Brinessgomancs cepa co3gaer MyTHOCTS pacTeopa.

HagaioM peakuyu CUMTACTCH MOMEHT CMENIEHUS PACTBOPOB, YCIOBHBIM
KOHIIOM PCAaKUMH — BBIIETIEHHE OJHOIO M TOTO XKe KOJHUecTBa CEPBI, TO €CTh
ONMHAKOBAs CTENCHb TIOMYTHEHUS PACTBOPA.

BpeMs, #eobxomumMoe [ns BhITENEHUS OAHHOTO KOJHYECTBa CEPhl, 06-
PaTHO HPONOpUHOHATIEHO CpenHel CKOpOCTH mpoLecca.

Oneir 1. 3aBucumocts ckopocTu PEAKUWH OT KOHUECHTpallMH pearu-
PYIOIIMX BEIECTB.

[nst u3yYeHus 3aBHCHMOCTH CKOPOCTH PEAKIMH OT KOHIISHTpPAIMK pea-
FHPYIOIUX BEMECTE BOCIIOJIb3YEMCA PEAKIHe:

Nﬂzsg(); *f’“Hf_:g SOf"Nﬂg SO4+S+SOE T“I‘HZO

Hanefite B mpobupky 5—10 kanens Iu pactBOpa Na,S,0; u 3-5 kaness
21 pactBopa H,SO,. Habmopaiite nossnesnne OIanecleHOnH H NajibHelmee
NOMYTHEHHE pacTropa.
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IIpuroToBeTE 4YETBIpE pacTBOpa NazS;0; pasiMgHON KOHLCHTpaLWH.
Jinst 3TOrO B CyXue MpoOUpPKH BHECHUTE:

B [-4 xaruu In pactBopa Na,;S,0; 1 12 xanens BOIBI;

Bo 18 xanens [u pactsopa Na,5,05 i 8 xanens BOJEL,

B I1I-12 xanens In pacreopa Na,5,0; H 4 Karoiyg BOIbL;

B IV—16 xanens In pacrsopa Na,;S,0;

Taxkum o6pazom, eclid YCIOBHO 0003HAYUTE MOJSAPHYIO KOHUEHTPALMIO
pacTBopa Na,S,0; B I npodupke uepe3 C MONL/J1, TO BO 2-# MpoOHpKe KOH-
[eHTpaIms 3Toro xe pacrsopa 6yner 2C, B 3-ii — 3C, B 4-i1 — 4C. B nepsyro
nmpobupky nobasere 1 karmo 2 pactsopa H,SOy4. Ilpu 31OM 3ameThTe M0
CeKyHAOMepY BpeMa. OTMETHTE BpPEMA MPOTECKAHHA PCAKUHM IO IIOABJICHWA
3aMETHOHU ONANSCUECHIME. AHATOTHYHO NMPOBEINUTE OMbITHI CO 2-#, 3-i U 4-H
mpoOupKamMu. JJaHHBIEC OTIBITA 3AMMIIMTE B BUAE TaOIUIIEL:

Tabnuua 2.1.1

lanHbLie onbLITAa

Ne KonueHTpaums pacrsopa Hepes ckONBKO CEXYHI
1IpoOUpKH B MOJIB/ 1 MOSRUIACH MYTh

[Toctpoiite rpaduk 3aBHCHMOCTH CKOPOCTH XMMHUYECKOH peakuHu OT
KOHIIEHTpAallUK pacTBOPA.

OnsiT 2. 3aBUCUMOCTE CKOPOCTH pEakiyy 0T TEMIIEPATYPhI.

Jinga ombita BO3bMUTE ABe Ipobupxu. B nepsywo Haneidte npudiuzy-
tensHO 10 kanmens Iw pacteopa Na,5,0; a BO BTOPYIO — HPUOIH3HTENBHO
1 xarwmo pa30aBIeHHOrO pPacTBOpa CEPHOW KHUCHOTHL. OTMETHUB TEMIIEPATYPY
BO3yXa B JaDOpaTOpHH, CICHTE PAcTBOPHI BMECTE, 3aMETHTE 110 CEKYHIOMe-
py BpeMsa. OTMETETE, 4epe3 CKOJIBKO CEKYHI MOABWIAChH MY Th.

AHATOrHYHBIA OILIT NpoAenaiTe IPpU TEMIEPATYpe Ha 10°C BpIme mpe-
apiaymel. i 3Toro noMecTHTe NpoOUPKM C PACTBOPOM B XHMHYECKUH CTa-
KaH ¢ BOJOl, TeMneparypa koToporo Ha 10°C Bbllle KOMHATHON. BrIIEpKHUTE
TaM NpOOUpPKU ¢ PacTBOPOM HECKOJBKO MHUHYT (5-7), 4T00BI TEMIIEpaTypa
MOCIEeIHUX JOCTHINIA TeMIIEpaTyphi BOILE B crakane. [ocse 3Toro pacTsopsl
CIIETE BMECTE ¥, 3aMETUB BPeMsl, OCTARbTE 3TY MPOOUPKY B CTAKaHE C BOIOH
N0 NEPBBIX IPU3HAKOB HO4BICHHUI MyTH. OTMETHTE, Yepe3 CKOJIBKO CeKyHI
MOSIBHJIACh MYTh.

AHANOruYHBIC OMNBITHL [TPOACIIANTE HE MEHEEe Tpex pa3, BCAKWU pa3 Io-
BRIIIAA TeMrepaTypy ombita Ha 10°C. pe3y/sTarhl OfbITa 3aUUKTE B Ta6Ii-
Iy, NPUBEACHHYIO Huzke. CTporo MpUIEpXUBATRCH YKa3aHHOM pa3HHMIBI B
TEMIIEpaType He00A3aTEeNbHO.
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Tabnuuya 2.2.1

IlaHHbIe ONLITA

No Temneparypa Bo Bpems Bpemda nospnaenus MyTu
OTIBITA onbiTa, B °C B CEKYH/IAX

BiusiHue TeMIepaTyphl Ha CKOPOCTH PEaklUMH BBIDA3UTE rpapuuecky,
OTJICKHUB MO OCH abCUMCe TeMIIepaTypy, a [0 OCH OPXHMHAT — BPEMS B CEKyH-
pax. Cpenaiite BIBOI O BIMSHUM TEMIIEPATYPhl HA CKOPOCTh PEAKLIMH, HMeS
B BHAIY, YTO CKOPOCTb — BEJIMYMHA, 00PATHO NPONOPLHMOHATBHAS BPEMEHH.

OnbIT 3. 32BUCHMOCTD CKOPOCTH XMMHWYECKOH peakiliy OT BeIHYUHBI
MOBEPXHOCTHU pa3ziena a3 B 'eTeporeHHOR cucTeMe.

BosbMuTe jiBa HEOONBIINK, NPUOMHINTENLHO OQMHAKOBBIX KYCOUKA Me-
na. OQMH 13 HUX DA3OTPHTE MECTUKOM B CTYIKE B NOPOIIOK M NEPECHITLTE B
[IPOOHMPKY, BTOPOH KyCOUYEK LCIHKOM HOMECTHTE B APYryio mpobupky. B ofe
Npodupky 1odassTe 1o 10 kanens consHol kuciiorsl, (P=I,19r/cm’). Hanu-
[IUTE YPABHEHUE pEaKIHK.

OTmeTnTe, B KaKOH NpobupKe CKOPOCTh peakuuu Boite, Ciaenaiite BbI-
BOA O BAUAHUM BEJIMYHHBI MOBEPXHOCTH COMNPUKOCHOBEHHUA PEArHpPYIOUIUX
BELIECTB HA CKOPOCTh XUMHUYECKON PeaKLIMH.

Oneit 4. XyuMHUYecKoe PaBHOBECHE U Er'0 CMEIeHHe. BiusHue uaMeHe-
HUA KOHUEHTPALMH Ha CMELUEHUE PABHOBECHS.

B uerblpe MpoOHpKM BHECHTE MO 5 kaneinsb pa3baBJeHHLIX PaCTBOPORB
FeCl; m NHyCNS. Jlerkum BcTpgxuBaHueM npobupox pazMemmaiTe PacTBOPEI
W TocTaBbTe NpodUpkY B wTaTB. B pacTeope umeeT MecTo obpaTuMas pe-
AKLIMS:

FeCL+3NH4CNS «» Fe(CNS);+3NH,C!

Pacteop Fe(CNS); umeer kpacHyio okpacky. [To u3BMEeHEHUIO HHTEHCUB-
HOCTH OKPACK{ MOXKHO CyIHTH 00 M3MEHEHHHM KOHUEHTpauuu Fe(CNS); T.e.
O CMELICHHH PABHOBECHS B TY UITH IPYTIYIO CTOPOHY.

B onny u3 npobupok nobasbre 2--3 Kamim KOHUEHTPHPOBAHHOTO pac-
reopa NH,CNS, B apyryro 2-3 xarig KOHIEHTpUpoBaHHOro pacteopa FeCls,
B TPETBIO — HECKOMBKO KpucTaymoB NH4Cl. Hersepryro mpofupky ¢ pacrso-
pOM COXpaHuTe Ui CpaBHEHHA. PAacTBOpPHI BO Beex Npobupkax pasMeluaiite
JHCPTHYHBIM BCTPAXMBAHUEM U OTMETBTE M3MEHEHWe HHTEHCHBHOCTH OKpa-
CKH B KaXXIOM ClIy4ae, CpPaBHUB ¢ PACTBOPOM B KOHTPOJIBHOM NpoOHpKe.
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Pe3ynsTaTel HpeacTaBbTe B BHIAE TAOIHULIBL:

Ne npobupxu | Yto mobasiieHo H3meHeHue UHTeH- Hanpasnenue cMme-
CUBHOCTH OKPACKH ILIEHUSA PABHOBECHS

1

2

3

Hanuiuure BHIpaXeHHE KOHCTAHTBI PaBHOBECHS JAHHOIO OOpPaTUMOTO
npouecca. COenauTe BBBOJA: B KAKOM HaIPaBJICHMH CMEIACTCS PaBHOBECHE
P YBEJIWYEHNY KOHIEHTPAIMM HUCXOIHBIX BEIIECTB? INPOAYKTOB PEaKIMN?
CornacyroTcs JiM HOJXYHEHHbIE Pe3yibTaTe! ¢ mpuHImnomM Jle-11aTense?

Bompocs! u 3a1a4u XJI# CAMOKOHTPOJIS

1. Cpensss ¥ MTHOBEHHASA CKOPOCTH PEaKIHH.

2. ®aKTophl, BAUAIOLIME HA CKOPOCTh XMMWYECKHMX peakluil /B roMo-
F€HHBIX ¥ FeTEPOreHHBIX CHCTEMAX/ .

3. 3aBHCHMMOCTb CKOPOCTH peaKlu:y OT KOHIEHTPAMH. 3aKoH HelicT-
BYFOIIHUX Macc.

4. KoHCTaHTa CKOPOCTH.

5. 3@BHCHMOCTH CKOPOCTH PEAKLIMH OT TEMIEPATYPhI.

6. DHEprus akTUBAUMH. -

7. DHEPrusi aKTHBALMHM KATAIMTHYECKUX peakiuil M CYIMHOCTH AeHCT-
BUA KaTaJIA3aTopa.

8. Obpatumple 1 HEOOPATUMBIE XHMUYECKHE PEAKIIMH.

9. KoHCTaHTa paBHOBECHSA M €€ PacyeT M0 CTAaHJAPTHHIM H3MEHEHUAM
sHepryu 1 ' uboca.

10. Xumuyeckoe paBHOBecHe. 3aKOH XHMHYECKOIO  PaBHOBECHS
/MENRCTRYIOIINX Macc/,

11. Onpenenenyie cMmelmeHds paBHOBECHS [IPH W3MEHEHUH YCIOBHU Ha
OCHOBaHWH npuHIMIa Jle-lUlarense.

12. Kak H3MeHHUTCA CKOpoCcTh NpsaMoi peakimi: 2NO+O, « 2NO,

a/TIpH yBEJIMYEHHN KoHIeHTpauuu NO B TpH pasza?

O/tipyu OZHOBpEMEHHOM YMeHbLueHHM KoHueHTtpamuu NO u NO, B
2 paza’

13. Kak m3menuTes CKOpPOCTh peakuuy NPH MOBBILEHUHA TEMIEPATYPbI
ot 30° o 80°C, eciu TeMneparypHeIi koaduupent j=37?

14. HeMy paBeH TeMnepaTypHbli KO3(D@HIMEHT CKOPOCTH PEaKIMH, €C-
W TIpH yBeJIMYeHHH Temmeparypsl Ha 30° ckopocts peakiiy BO3PacTaeT B
15,6 paza?

15.Tlpu HexoTOpOH TemmepaType pPaBHOBECHBIE KOHUEHTPALMU B CHC-
TeMe 280,10, <> 2805 cocraBiumm coorsercTBendo [SO,]= 0,04 mous/m,
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| 0,]=0,6Mo0m8/11, [5O;]=0,02monb/n1, BEMMHECTHTE KOHCTAHTY PaBHOBECHS U
HCXOZHBIE KOHIEHTPALMK OKCHIa cepbl /IV/ i kuciopona.

16. B xaxoM HarpapIeHAN IPOH30KAET CMEIICHIE PABHOBECHS CHCTEM:

a) 2805 «» 280,+0,  AH’.p=+192 x]Ix

0) 2CO «» CO+C  AH’x.p.=-171x[Ix

B) COCL <> CO+Cl, AH%.p.= 113k/Ix

| — IIpH MOBLIIEHUH TEMIIEPATYPbI?

2 — IIpY NOBBLIIIEHHY faBaeHus?

3 — IpY DOHWKEHUH KoHNeHTpamuy O, CO?
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OcHoBHas nuTepaTypa

Koposun H.B. Obmas xmmus: YuebHUK. — 2~ HU34., MCIIP. B 10m, — M.:
Bercm. mx., 2000. — 558 ¢.; un.

Koporun H.B. Jlaboparopunie paGoter mo xumum: Yueb. nocobue s
cryn. By3oe / H.B. KopoBun, 3.1. Munrynunaa, H.I'. Peikosa; ITon pex.
H.B. Koposuna. — 3-e uzna., ucrnp. — M.: Belci. mik., 2001. — 255 ¢.; w
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Axmero H.C. Obuias u Heopranuydeckas xuMmust: Y4eOHUK g CTYL.
XUMHUAKO-TeXHONOrm4eckux cred. By30B / H.C. AxmeToB, — 4-¢ U3, UCIIP. —
M.: Beicin. mk.: Axagemus, 2001. — 743¢.: w.

AxmetoB H.C. u np. JlabopaTopHble B CeMHHAPCKUE 3aHATHA 10 obmei
H Heopranwdeckon xumMuu: Yuebnoe nocodbuwe / M.K. A3su3osa,
H.C. Axmeros, JL.W. Baneiruna. — 3-e usn., nepepab. u nom. — M.: Bercm.
k.. Akagemus, 1999 — 368c.: wi.

Kopxykos H.I'. Heopranudeckas xumus: Vaebroe riocobue mais cTyjl, BY30B /
[lon pen. I' M. Kypmomosa. — M.: MUCHC, 2001. - 367 c.

Yrai A.A. Obmas 1 Heoprannueckas XuMus: Y4eGHUK 119 BY308. — 2-¢
W34, ucnp. — M.: Beici. k., 2000. — 527 c.

I'myubxa HJL Obmas xumus: YVueGroe nocobue s sysos / IMox pen.
KaHA. xuM. Hayk B.A. PabunoBuu, — 27-¢ u3a., crepeoruir. — CII16.: Xnmus,
1988. — 704 c.

[nvaka H.JL 3anayu u ynpaxksesus no obumiel xumun: YuebHoe noco-
Oue mus Bys3os / [lox pen. B.A. Pabunoeuu, X.M. PyGuHoit. — 26-e w31,
crep. —JI.. Xumms, 1988. - 272 c.
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BBEAOEHNE

IIpennaraemelii nmpakTUKYM 10 OOUIEH XMMHH COCTaBJIeH Ha OCHOBE
nporpamMm 1Jjisi CTYAEHTOB MHKEHEPHO-TEXHHYECKUX ( HEXUMHMUYECKHUX) CIELN-
aJIbHOCTEHN BbICIUMX YHEOHBIX 3aBEIECHUM.

1o cBoeMy comepKaHUIO OXBATHIBAET JIMIIbL YACTh JAOOPATOPHOTO MpakK-
THKyMa oObeMoM 10 yacoB W npelnHa3zHayaeTcd TIJIABHBIM 00pa3oM s
CTYAEHTOB | Kypca HMHXKEHEPHO-TeXHHWYECKHX crieuuanbHocteii. OH nocei-
IEH B OCHOBHOM OOIUMM CBOMCTBAM METAJIOB, UX IOBEJIEHHIO B PacTBOpax
KMCIOT, COJIEM M OCHOBAHMIL, a TAKXKE HEKOTOPbLIM BONMPOCAM 3JIEKTPOXHMMU-
YECKHUX MPOLECCOB: raJbBaHHYECKUM 3JIEMEHTaM, 3JIEKTPOIU3Y H OTAEIbHBIM
CIy4asiM JIEKTPOXUMHUYECKON KOPPO3IUU METAIJIOB.

K kaxnoit naboparopuoii padore AarOTCsA KpaTKUe TEOPETHYECKHE CBE-
JICHUS, OIIMCAHME OMNBITOB W KOHTPOILHbIE BOTIPOCHI.

Teopernyeckas vacth no/KHA QUKCUPOBATH BHUMAHHME CTYIEHTOB HA
TOM YHEOHOM MaTepHale, KOTOPbIl MMCET HEeMOCPEeICTBEHHOE OTHOILIEHHE K
3ydaeMon Teme. M odecneyuBaeT 00A3aTeNbHbIH MUHUMYM CBEAEHHWH UId
OCO3HAHHOTO BBLIMOJIHEHUS ad0paTOPHON padoThI.

(W'D




INNabopaTopHaa paboTa
OBLUME CBOVUCTBA METAJINOB.

Llesb paboThl: U3YYUTH XMMHUUYECKHE CBOMCTBA METANTIOB.

1. Peaktuebl 1 oDopyaosaHue

I.1. IlpuOopsl: NMpodUPKY, CIIUPTOBKM, JAEPKATEIIU.

1.2. KpucraJuliyeckye BellecTsa: allOMUHNWH, LUHHK, CBHHELL JKEIIe30,
MeIb, 0JIOBO.

1.3. PactBopel: cynsdar uunka 0,5H, xnopux amoMuHust 0,5H, Cyib-
dar meau 0,58, xuopun xenesa (I1) 0,5, autpar pryru 0,5H, HUTpaAT ce-
_pedpa 0,5H, cepHas KHUCIO0TAa KOHLUECHTPUPOBAHHAA, COJISTHAS KMCIOTa KOH-
[IEHTPUPOBaHHAA, a30THAs KHUCJIOTA KOHUECHTPUPOBAHHAs, CepHas KHUCJI0Ta
" 2H, CoJfgHAg KMCIOTa 2H, a30THAsd KMCI0Ta 2H, THIAPOKCHI HATPUS KOHLIEH-
TPUPOBAHHLIN.

2. TeopeTuyeckas YyacTb

(OCHOBHBIM XHMHYECKWUM CBOHCTBOM METAJIOB SBJISCTCS CIOCOOHOCTE
HN dTOMOB OTAdBdlh CBOW BaJCHTHLBIC JJICKTPOHBI W TICPCXOAHTDL B NOMOMH-
TCALHO 34PAKCHHBLIC HOHBI. ATOMBI THIIMUHBIX METAIIIOB HHUKOI1A HE HPpHUHH-
MAKOT 2JICKTPOHBIL, T.C. B OKUCIHUTCIIBHO-BOCCTAHOBHTCI/ILHLIX PCAKIIMAX Bbl-
HOJHAKT TOJBRO BOCCTAHOBHTCIIBHYHO Q)}'HKHHH}I

Me —ne — Me"" (npouecc OKUCIIEHHUS, caM METALI — BOCCTAHOBHUTEND).

BoccranosuTesibHasg CIIOCOOHOCTh Y aTOMOB Pa3jIMUHLIX METAIIOB MPO-
SABJIACTCS JAIEKO HE B ONMHAKOBOM CTereHd. KoJaM4yeCcTBEeHHO OHa XapakTe-
PU3YETCA BEWYMHON HOHM3ANMOHHOIO MMOTEHIMAMA (MM YHEPIUEH MOHM3A-
M), T.€. IHEPrHer, HeoOXOIMUMON I OTPBLIBA OT aTOMa OJIHOrO IIEPBOTO
BAJEHTHOIO 2JIEKTPOHA. YeM MEHbIIE 3TOT NOTCHILHANI, TEM CHJIbHEE BhIpa-
YKEHbl METaNJIMYECKUe CBOUCTRA dJIEMEHTA.

XUMHUYIECKOE TMOREIECHHUE METAJIOB B PACTROPAX WICKTPOJUTOBR MOMKET

OBITH OX@PaKTEPU30BAHO TOJIOKEHHUEM TOIO WIH MHOIO MeTajula B pAXy Ha-
TIPSKCHUM.

XapakTep B3aWUMOJCUCTBUA METAIIOB € KMCIOTAMH OfIpeaenseTcsa Kak
MECTOTIOJIOKEHHEM MeTalljla B PAJY HAlPSHKCHMH, TAK M KOHIIEHTpaUMen Ku-
CJIOTHl. B 4acTHOCTH, NPH B3AUMOJCHCTBHM MCTAJla ¢ a30THOM KUCIOTOM

5 4l 3 '{‘2 +1
NPOIMyKTaMy BoOCCTaHOBJIEHUs moryr Owite NO,, N, O,, NO, N,O,
0 =3
Na, N H,. CreneHb OKHCICHHA 430Ta B NPOJAYKTAX 3aBHUCUT OT aKTHUBHO-
CTH MeTajlla ¥ OT pas0aBiieHUs KHUCIO0TLI, Ylem akrupHee Metamn ¥ 4eMm pas-
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ODaBJIcHHEE KHCIIO0T4d, TEM CTEIICHE OKHCIACHHA a30Ta ﬁ}"ﬂET MeHbIe. B ciivdac

C CEpHOM KHCIIOTOW TPOAYKTAMM BOCCTAHOBIEHUS MOIYT ObITh BOIOPOI
+4 # =7
(pazbaBnenHas kucnora), SO,, S, H,S (KOHUEHTPUPOBAHHAS KHUCJIOTA).

YeM aKkTHBHEE METAIN., TEM CTCIICHL OKMCIICHMA CCPbI E}ﬂE‘T MCHBIIE.

3. JKCnepumeHTarnbHasa 4acTb

3.1. Psajx HanpsxeHH i

Y CTaHOBUTE CPABHUTENLHYIO dKTHUBHOCTH HEKOTOPBHIX META/IOB Ha OC-
HOBaHHWHU psAla peakUni BBITECHEHMA METAIIOB M3 UX COJIeH APYTUMH MeTall-
namu. Pesyaprarhl HAOMOAEHUN 3aHecuTe B Tabn. 1, cTtaBd 3HAK + TaM, rie
peakLMsa UMEET MECTO, U MHUHYC — I'Ie [POLECe He UJIEeT.

Tabnwvua. 1

PesyneTaTsl HabIOAEHHIT 32 1eficTBHEM METAJIOB HA pacTBOPbLI CoJIe

MeTann HMonbl

Zn”" Al ,a_ | Cuz; Fe™ Hg™ Ag*

ez )
/1
Ph”

Fe'
Cir’

Ha ocHOBaHKMK HAHHOU TAOIULIBL [0 KOJAUYECTBY 3HAKOB + COCTABbTE M3
NPeATOKEHHBIX METAIOB PAI aKTUBHOCTH (HANPSUKEHUH) METaIOB U CpaB-
HHATE Ball psilI aKTUBHOCTH C PsAIOM Halps/KeHWi B yueOHUKe. Hanuiiure mo
OIHOMY YPaBHEHHIO peakLMU A KakIoro mertauia (Ha BbIOOP) B MOJIEKY-
JIAPHOM W HOHHOM Buge. COCTaBbTE JIEKTPOHHBIE CXEMBI MPOLIECCOB OKIC-
JIEHUA-BOCCTAHOBJIEHUS. |

JUT 3aKkperUieHns MaTepydalia 110 IHaHHOH TEME BBIIOJHUTE HIKEC]IE-
TYIOIIME 3a0aHUSL.

Kakie 3 yKa3aHHBIX HIDKE peakiliii Bo3MoxkHbI? Hanmcats vpaBHeHus
B MOJIEKYJIIPHOM W HOHHOM BHIe. Paccaurtars D/1C 3TUX peakiuid, UCIIONE-
3ysl HUZKENPUBEIEHHBIE 3HAYEHH 3JIEKTPOIHBIX MOTEHIHANIOB., B KakoM CIv-
qae WIET MPONece aKTUBHEE !

L



3.1.1. AICI, + Mg —
3.1.2. Na,S0, + Al -
3.1.3. NiSO, + Fe —>
3.14. CdCl, +Cu —

1.5. AI(NO,); +Cd —

3.1.6. MnSO, + Al -
E%=-1,75 E%=234 E-=271 E-=025 E’=1,05  E"=-040
AI® | APY Mg° | Mg™ Na° | Na® Ni® | Ni** Mn° | Mn™ Cd°|Cd**

E'=-0.44 E’=+0,3
Fe' | Fe* Cu’|Cu™

(S

3.2. JleficTBHEe KHCJOT HAa METAJLJbI1

Bossmute cnenyromue Metamibl: Al Zn, Fe,Cu,Sn M ¢ KaXIbIM U3 HHX

MPOBEIUTE peaklUMy B3auMOACHCTBUS ¢ pa30aBIeHHBIMIA U KOHLCHTPUPOBAH-
HbIMU kuciaoramu: H,S50,, HNO,, HCI .

JIns 3TOT0 B MPOOUPKY ¢ [—2MJ. KUCJHOTBEI OCTOPOKHO OITYCKaiOT Me-
Tasul. Tam, rae peakius He MIET WIK HMIET MEIEHHO. NPOOHPKY OCTOPOIKHO
Harpeire. Uro Hadonaere”

Pe3ynpTarsl OINBITOB 3aHEeCHTE B Ta0l. 2, OTMETHUB B COOTBETCTBYIOLLECIH
KJIeTKEe XapaKTepHbIe TIPOAYKTHI BOCCTAHOBIEHH. 1 aMm, rlIe peakuus He HIeT.
[1I0CTABBTE B KIETKE MUHYC.

Tabnuua.3.2

PES}’II]::THTI:I ONbLITOB 110 B3AUMOAEHCTBHIO METAJIJIOB ¢ KHCJIOTAMH

Merasi H 850, HNO, H(.l

KoHIL. Paz6, KoHIL Pazo. Komr, Pazo.

Cu . =
Al
Sn -t

CocTaBbTe HOHHO-3JIEKTPOHHEIE CXEMBI MPOACTAHHbIX PeaKLHii:
3.2.1. Zn+ H,S50,(koHy) —

. Fe+ H,50,(pasz6) -
. Al+ HNO, (paz6) —

. Cu+ HNO, (kony) —
. Zn+ HCl(kony) —

Al + HCl( pazb) —

. on+ HNO, (paz6) —

. Su+ HNO, (kony) —

b

L

sl
N N S

(S

)

s

s

mﬂp\mhm

('

3.3. deilicTBHE HIe/JI09€l HA METAJLIbI

Bosemare ciemyrowme metawisl: Al, Fe, Zn, Sn, Pb, Cu # ¢ KaxasM U3
HMX [POJIENauTe PEAKUHIO ¢ KOHLEHTPUPOBAHHBEIM pPACTBOPOM IUENOUH (e-
KWK HaTp). 1A 3TOro B npoOHpKy € 12 MII. WeNO09H OCTOPOIKHO OITYCTHTE
METal. Eciu peaknms HE UAET, TO CJierka NMojorpeire. YeTaHoBHTE, KaKue
U3 IPEUIOKEHHBIX METAJJIOB B3ajiMOIEHCTBYIOT CO [mesiodamu. Hanummre
VPaBHEHUA peakLMH.

4. KOHTPOMbHbIE BOMPOCHI

4.1. OxapakTepu3oBaTh OCHOBHbIE COCIMHEHUS METANIOB: OKCHIIBL.
CyNb(OUIBI, HUTPUIEI, THAPOKCHIILL, TaNHIBL. S—

4.2. KakoBel B3aUMOACHCTRHS METAJITIOB ¢ KUCJIOTAMHU H TIeI0uaMu’?

4.3. Yto Takoe MOHW3aUMOHHBEI mMoTeHmwWan? Yro oH XapakTepusyer?
Kak M3MEHSIOTCA HOHM3AUMOHHBIE MOTEHIHANB! 10 TPYNaM M Hepuogam?
Kakue 35eMeHThl B NEPUOANYECKON cucTeMe 00NafarOT HU3KMMH 3HAUYESHMNS-
MU HOHH3ALMOHHBIX TMOTeHIHAIOB?

4.4.Yro Takoe psan HanpsKeHHH MeTaioB? Ero NpoHCXOXACHUE U
BBIBOJIBI U3 HETO.




INNabopaTtopHas pabora
FANTbBAHUYHECKWUE SJTEMEHTDI

[les1b pa0OTHE: O3HAKOMUTBCS C padOTOH ra/IbBAHHYIECKUX 3JEMEHTOB, UX
veTpolicTBoM, u3meperuem O.J1.C., onanets HaBeikoM pacuera 2.J[.C. rans-
BAHWYECKOI'O IIIEMEHTA.

1. PeaktuBbl U obopynosaHue

l.1. Ilpubopsl: metanu a1d cOOPKU raJbBaAHHYECKOIO DJIEMEHTA, MHUK-
pO-CTaKaHYMKH, TIONCTABKA 114 Ipudopa, 3JEKTPONUTHBIA MOCTHK, MeIHAas
MIacTUHKA, I[MHKOBAad MnacTiHa, HUKEIeBad IIACTUHKA, aloMHAHHUEBAA
[acTUHKA.

1.2. Peaxkturrl: cvibdat unnka 0,5M, 1M, 2M, cyabdat meau 0.01M,
0.1M, IM, cynpdar nukens IM, cynedar amoMmuans 1M, cepHas KUCIOTa
I M, arap-arap, HaceinieHHbIH pacTeop KCI B cmecu ¢ arap-arapom.

2. TeopeTn4yeckas 4acTb

[ QJIbBAHUMYECKHE BJIEMEHTBl — 3TO TIPEKAE BCErO NPeoOpa3oBaTesd XH-
MHUYECKOH HSHEPruH B JISKTPHUECKYIO. B HHMX 338 CYeT OKHCIUTEIBHO-
BOCCTAHOBUTEJILHBIX PeaKklMi BbIPadaTHIBAETCS EKTpHYeCKuil Tok. B npo-
cTeliieM ciiyyae ralbBaHHUYECKHUM 3JIEMEHT COCTOMT M3 ABYX rallbBaHHye-
CKUX TIOJTVIJIIEMEHTOB, COENMHEHHBIX B €HUHVIO cucTeMy. | anbsBaHHYeCKUM
IOJIVIEMEHTOM HAa3bIBACTCA CUCTEMA, COCTOALIAA W3 METallia, MorpyKeHHO-
0 B PacTBOp CBOEH COJM. B rajgbBaHWYeCcKOM 3JIEMEHTE PasjinyarOT BHEI-
HIOK) U BHYTPEHHIOO HENH. BHELIHAA Lelb — 3TO NMPOBOJIOKA, COCIUHAIIIAY
MJIACTUHLI METAJIOR, 110 KOTOPOHW HBMKYTCH 3JIEKTPOHBL! OT MUHYCA K IUIIOCY.
BuyTpenaas — 3TO pacTBOPbl JIEKTPOJKTOB, pasfeNeHHLIe MEKIY CO00H
[OPHUCTOM TIEPErOpPOIKON WA IMEKTPOJIMTHEIM MOCTHKOM, KOTOPBIA Ipensar-
CTBYET TNEpEeMELIMBAHIIO PaCTBOPOB, HO IIPOITYCKAET MOHBI U MOJIEKYJIBL pac-
TBOpUTENA. MHOTHA CBA3L MEXKIY DIEKTPOJAHUTAMHU OCYILUECTBIAETCA C TIOMO-
LIBIO IEKTPOJMTHOrO MocTHKa. HeodxommMeiM veaoBreM padoThl 00010
rajbBaHHUYECKOrQ 3IEMEHTA ABJACTCA HaJWYHE Pa3’HOCTH IMOTEHUHAIOB €ro
IIEKTPOIOB, Ha3bIBAEMOIl 3MEKTPOABILKYLIEH CHIOM raihbBaHUYECKOro 3Je-
meHTa (2.J1.C.). B rajpbBaHUYECKOM 3JIeMEHTE aHOIOM BCErla CIV/KHT JJIeK-
TpOod ¢ 00JIEe OTPULIATEILHBIM WIH MEHEee OMOKHUTENBHBIM 3HaYeHNEM dJIeK-
TPOIHOTO MOTEHIIMANAa, KaTONOM — JJIEKTPOA C MeHee OTpUUATENBHbBIM WIH
0oJlee MOJOKHTE/IbHBIM 3HAUEHUEM 2JIEKTPOIHOI0 MOTEHIIFANA.

Ecnn, Hanpumep, H3  OKHCIMIEIBHO-BOCCTAHOBHUTEIBHBIX  CHCTEM

{ 2+ i} vl
Fe” | Fe™" u N | NIT" cocTaBHTh MEKTPAYECKYIO LEIb, T.€. KeIe3HYI0

8

1 HUKEJIEBYIO IIACTUHKHA MOTPY3UTh COOTBETCTBEHHO B PACTBOPBI UX COJIEH

FeSO, u NiSO,, cOeIHHMB BHENIHEH HENbIO (TPOBOJIOKOH), TO TOTYHUM

rabBaHWYEeCKUil 3JIEMEHT, KOTOPBIH CXEeMaTHYECKH M300pa)aeTcs CIeayro-
UM oOpa3oM:

- : (]
anood Fe' | FeSO,||NiSO, | Ni® kamoo .
B maHHOM npuMepe aHOIOM ABISETCA Kejle3Hast napa, EYp0| 2+ = -0,44B,
KaTOHOM HHUKeJieBasg mapa, E° ol v+ =-0,258. Ha a”oze Bcerma HMIET IPO-

[eCcC OKHCJIEHMA, HA KaTO A€ — MPOLECC BOCCTAHOBICHMA.

[Tporiecchl, NPOUCXOAAIHE HA OJJIEKTPOJAX B IKEJIe3HO-HHUKEJEBOM

rallcBAaHUYE€CKOM 3JIEMEHTC.

.
Ha apone Fe’ —2e = Fe”" (okucnenue)
(BOCCTaHOBHUTEID) |

Ha katome Ni** +2e = Ni® (BoccTaHOBJIEHHE)

(OKHCIUTEND)

Fe® + Ni** = Fe™ + Ni’

I.J1.C. rajibBaHMUYECKOTO 3eMEHTA PACCUHTBIBAETCH KaK pa3HOCTh JMCK-
TPOJHBIX [TOTEHUHAIOB!

D.J1.C. = E okucanTens — E BOCCTaHOBHTEIS
(kaTom) (agon)

DNEKTPOAHBIH MOTEHIHAN 3aBUCHT HE TOJBKO OT MPUPO/bl MaTepHana,
HO ¥ OT KOHIIGHTPaLUUH HOHOB METAJId B PacTBOpE. ITO 3aBUCHMOCTL MaTe-
MaTHYECKHU BhIpaXKaeTcs ypasHeHuem HepHera:

0,058

Fi

E=E"+

LgC,
rae E — sJ3exTpOAHbIH TOTeHIHAT;

E” — HOpManbHBIN 3EKTPONHBIN NOTeHIHAI (M3MEPEHHBIH B CTaHIapT-

HBIX YCIIOBHSAX ):
C — KOHLEHTpalys HOHOB MeTalljia B paCTBOPE MOJIb/JIUTP;
N — YUCIIO IEKTPOHOB, KOTOPOE TEPAET METAJLI, [IPEBpAIasAch B MOH.

3. JKcnepumMmeHTanbHada 4acTb

3.1. AzroroBjieHHE MEAHO-IMIHAHKOBOT0 raJibBAHHYECKOI0 3JIeMeHTAa

B crakan sHanedite 1M pacTtBopa cynsdara HAHKa (% ero oomsema) u

OIYCTHTE B HETO LIMHKOBBIN 3JIEKTpOA. B Ipyroi CTakaH HajleHUTE CTOJIBKO Ke
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pacTeopa cvib(ara MeTH TOM Ke KOHUEHTPAILUU W OMYCTHTE MEIHBIM JJIeK-
tpon. CoelnHHTe pacTBOpsl 000MX cTakaHoB U-00pasHod TpyOKOH, Hamoln-
HeHHOH arap-arapom. [TomOCEl TaTRBAHWYECKOI0 JJIEMEHTA MPUCOETHHHUTE K
ransBanoMeTpy. Yto Hadmonaete? Kak MOKHO OOBACHWTH BO3HHKHOBEHHE
3JIEKTPHYECKOro ToKa B uenu? Karkoil w3 moioCoB 3apMkeH OTPUILATETIBHO U
nouemy? Beraucamure D.J[.O. raibBaHUYECKOro 3J€MEHTA. AHAJIOIHUYHbIE
OTLITHI MpOJAEalTe ¢ ranbBaHWYECKUMH JIEMEHTAMHM, BHIPAKCHHBIMH CXe-

vamu:  Al° ] Al.(S0,),|CuSO, | Cu"

Zn’ | ZnSO, Ni®

NiSO,

Berapcnurte 2.J[.C. naHHBIX TaJbBaHWUYECKUX 3JEMEHTOB. Hammmwure
[IPOLECCHI, MPOTEKAIOLIME Ha IIEKTPOAax, U CyMMapHbIe YPAaBHEHNMS OKMCIIN-
TENBbHO-BOCCTAHOBUTENBHBIX peakiuil, 3a CUET KOTOPBIX PadoTaloT JlaHHbIE
ralbBaHU4YECKUE 3JIEMEHTEI.

3.2. TanpBaHHYeCKHIl 2JIeMeHT ¢ BOJAOPOAHOM JIenosipH3amHeH

It 3TOrO OIBITa COOEpUTE TaANBLBAHWYECKMI 27EMEHT, BbIPAXKEHHBIH
CXEMOH:

7 | 7SO0, .50, | H:Cu®

B omuH crTakaH HaneWte (10 ero obwema) 1M pacrBop cynedara

I
2
LMHKA, a B APYroil — Takoi ke o0beM 1M pacTBOpa CepHOI KUCIOTH. Oda
pAacTBOpPa COEIWUHUTE 3JEKTPOJUTHBIM MOCTHKOM, 3arlOJIHEHHbIM HAChIIIEH-
HBIM PACTBOPOM XJIOpHIA Kaldusd B CMECH C arap-arapom. B cTakaH ¢ pacTBo-
poM cylb(aTa HUHKa TOMECTUTE LMHKOBYIO [ACTHHKY. @ B JAPYIOH — Mel-
HYI0. 3aMeThTe IO TallbBAaHOMETPY HampapieHue Toka. lloncunrante Teope-
Trueckyto BenuauHy 2. J1.C. sneMenTa, uMes B BHIY, UYTO KaTOAOM ABJIACTCA
BOJIOPOIHBIN 2JIEKTPOLL.

3.3. BunsiHne KOHUEeHTPALHH 3JIeKTPOJIHTA
Ha HANPAKeHHe YIeKTPOXUMHYECKOro 3JIeMeHTa

B oauH crakad Hajeiite 1M pactBopa cyiibdaTta MenH, B Opyiod — 1M
pactBopa cynbdata mHka. Oba pacrsopa B CTaKaHax COEIHMHHUTE 3JICKTPO-
JIUTHBIM MOCTHKOM, 3aIlOJHEHHBIM arap-arapoM. B cTakaH ¢ pacTBOpPOM
cyibara Meau HNOMECTHTE MEIHYIO IJACTHHKY., a B CTakaH C pacTBOPOM
cvib(ara HMHKA — UMHKOBYIO. 3aMKHUTE LIEMb ¥ HANHIINUTE, KaKOe HalpAKe-
HHE TOKa MOKakeT TajbBaHoMeTp. BeIpaszuTe MpoLecchl, NMpOTEeKarllkie Ha
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ynexkTponax. COCTaBLTE TOT K€ rajbBaHHYECKHH 3neMeHT, ucnonb3ys 0, 1M,
0,01M pactBops! cyibdara Meau. Yro npu 3ToM Habmronaere? 3aIUIIUTE
[IOKa3zaHMs rajbBaHOMETpa, CONOCTARIAS ¢ NpeAblayInuM MokazanueM. Cre-
nalTe BEIBOJ O BJIWAHHHM KOHLEHTpaluuu 3jekrposura Ha J.[.C. aneMenTa.

3.4. KoHmeHTpANMOHHBIH rajJibBAHHYCCKHH 3J1eMeHT

Colbepure rajpBaHU4YECKUH 3JI€MEHT U3 LMHKOBOW INACTHHKH, TOTPY-
’KeHHOH B 2M pacTtBOp cyibdarta UMHKA, W W3 LUHKOBOM ITACTHHKH, NOTPY-
sxeHHoi B 0,05M pactBop cynbdara nuHka. Hamumwre ypasHEHUsT XUMHUYe-

CKOM peakuuu, Mayiledl B 3jeMeHTe Opu ero pabote. Beruucanre 3.J1.C.
JAHHOTO TalbBAHWYIECKOTO 3JIEMEHTA.

4. KOHTpOSIbHble BONPOCH! ¥ 3aaHUSA

4.1.-CocTaBuTh CXEMbl JIBYX TajbBaHWYCCKHX 3JIEMEHTOB, B OJHOM H3
KOTOPBIX HUKEJb SABAAETCA KaTOMOM, B JAPYroM — aHOLOM. Harmucats ypaBHe-
HUA TIPOLIECCOB, MPOTEKAIOIMX HAa HUKEJEBOM 3JIEKTPOIE BO BpeMs padOThbl
IJIEMEHTOB B IIEPBOM 1 BO BTOPOM ClIy4asix.

4.2, Jlathb cXeMy TraibBAaHWYECKOTO 3JIEMEHTA, COCTABJIEHHOIO W3 Mar-
HUEBOH M KEJIE3HOHM TUIACTUHOK, OIMVIIEHHBIX B PAacTBOPEI MX cojed. Haru-
caTh VpaBHEHUS KATOMHOIO W aHOIHOTO TIPOLECCOB 3a BpeMA PadOTHI 3Jie-
MEHTOB M BhIYMCIWTE 2./1.C. 2JIEMEHTOB TIPH MCMH0AB30BaHnN | M pactBopoB
COJIEH.

4.3. Beryucauts 2.1.C. rarpBaHMYECKOro 3fEMEHTa, COCTABICHRBOIO K3
LHUHKOBOH M cepeOpAHON MIacTHHOK, OMYIIEHHBIX COOTBETCTBEHHO B M
PACTBOPBI UX COJIEH.

4.4. YT0 Ha3bIBAETCSA KOHUIEHTPALKOHHBIM rajlbBaHUUECKUM 2JIEMEHTOM !

4.5. Onpeaenurey 2.14.C. TaJibBaHUIECKOT0 IEMEHTA, COCTOAIIEro M3
HUKENEBOTO 2J1EeKTPoAa, norpy:keHHoro B 0,5M pacTBop cyibdhara HUKEIIs.

4.6. Yto Takoe nenoaapu3anus’

4.7. Kaxue BelecTBa ABIAOTCS KATOOHBIMHA JIETIOJISIpU3aTOPaMi’?

11




IlaBopaTtopHas paboTa
KOPPO3NA METAIOB

[lenb pabOTHI: H3YUUTh MPOLECC IMEKTPOXUMUYECKOM KOPPO3UH METall-
OB 1 O3HAKOMUTBCA C HEKOTOPBIMH MeTOIaMH O0PBOEI ¢ HEH.

1. PeaktuBbl 1 obopydoBaHue

I.1. TIpuGopsl: NpoOUpKY, HakIauHas Oymara, puibTpoBaibHas Oymara.
1.2. KpucrauindeckiHe BEIIECTBA: TBO3IM JKEIE3HBbIC, aTtOMHHHMCBAA
[POBOJIOKA, OIMHKOBAHHOE JKEJIE30, JIY/KEHOE JKEJe30, UMHK, KEJIC30, allko-

MUHUH, XJIOPHUI HATPUS KPUCTATMYECKUH.

1.3. Pactopsl: cynbpar meau 0,51, nurpat pTyTd 0,5H, XJIOpHIL MEIH
0,58, xmopun HaTpus 3%, THOPOKCUIL HATPHA 2H, CepHas KHUCIIOTa 2H, a30T-
Had KHCIOTa KOHIEHTpHpoBaHHas, consHas kucnora 1H, 0,31, 0,02H, rekco-
umanodeppat (HI) kamust 0,51, annie, Homdn kamus 0,51,

2. TeopeTuyeckas 4acTb

Beskyil MPOLECe XMMHYECKOr0 paspyIleHHs METald Moz NeHCTBHEM
OKpy)Kalolieil Cpebl Ha3bIBACTCA KOPpO3Wel. PasnnyaloT ABa BUIA KOPPO-
UM XUMMHUIECKVIO H 3JIEKTPOXUMHUYECKYTO.

XuMudeckas KOppo3us — 3TO paspyllieHHe MeTa/ula OKMCIICHHCM ero B

okpyviKkatoleit cpene 0e3 BOSHUKHOBCHHA B CHCTEME HJICKTPHHUECKOTO TOKA. K
Hell OTHOCHTCS, HANpHMEpP, ra3oBas KOPPO3ud, KOPpO3Mmsd B BO3MYXE., KOIId
MeTas MojBepraeTes BozueHcTeriO0 pasnuuHeix rasos (CO,, 50, u ap.). B
3TOM CJTyuac Ha TOBEPXHOCTH MeTajla 00pasyroTcsd COOTBCTCTBYIOIME CO-
eNMHEHHUSA: OKCHIBI, CEPHUCTHIE COEANHEHUS, OCHOBHBIE COIH YTOJbHOHM KH-
CJIOThl U JAP., KOTOPbIE HE PEIKO IOKPHIBAIOT MOBEPXHOCTE IIOTHLIM CJIOCM,
3AIUNIAFO LM METaT OT JAJIbHENIIEr0 OKHCICHUA 3STUMH YK€ BCLICCTBAMM.
JJieKTPOXUMUYECKas Kopposua (Haubonee pPacIpOCTPAHEHHBIN BUII
KOPPO3MHU) — 3TO PaspyLICHUE MeTa/lla B CPeAE JJEKTPONUTa C BOIHUKHOBE-
HUEM B CHCTEME SIIEKTPHYECKOTO TOKA. BO3HMKHOBEHHE IOCJICIHETO 00y-
CNOBJIEHO 00pa3oBaHUeM Ha [OBEPXHOCTH KOPPOIHPYIOMIETO METallld MUK-
pOrasibBAHHYECKUX JJIEMEHTOB. F3BECTHO, 4TO nercTBUe TalbBaHUYECKOTO
3JeMEHTa CONPOBOKIAETCA PACTBOPEHHEM aHolJa MW BOCCTAHOBHTCIbHBLIM
mpoileccoM Ha karone. Ciie/loBaTesIbHO, MPH 3JEKTPOXMMHHYECKON KOPPO3UH
Ha TIOBEPXHOCTH MeTalla 00pa3ytoTcs HEKOTOPhIC YyJacTKH, CJIYKAIIMC aHO-
1OM TAIbBAHHYECKOTO 3IeMeHTa M, TakuM 00pazoM, IMOJABEprarouIHecs pas-
pymieHuro. [IpudnHbl BO3HUKHOBEHI SEKTPOXAMHUYECKOH KOPPO3UU MOI'YT
ObITH pasaMYHBIMK. K HUM OTHOCATCS, HaOPHUMEp, HaMUIHE B OCHOBHOM ME-
Talie NpuMeceif Ipyroro, CONPUKOCHOBEHHE IBYX DPAa3NMIHBIX METALIOB,
HEOTHOPOIHOCTH Ha MOBEPXHOCTHU METajlld, muddepeHnaabHas aspaluus u
T.1.. HO 00g3aTeNbHBIM YCIIOBHEM 3TOT0 THIA KOPPO3WM FABIACTCA HAIMTHMC B
12

CHCTEME 3JIEKTPONNTA. BO BCEX ciiydasx aHOIOM SBJISETCS METall WIM vya-
CTOK €r0 IOBEPXHOCTH C 0Ojiee OTPULATENBHBIM IMEKTPOIHBIM MOTEHIIHA-
JioM. Hanpumep, eciit B anextponute ( HCL ) conpukacaroTcs Ipyr ¢ APyroM
KeMe3Has M Me[Has TIAaCTHHKH, TO aHONOM CIYXKHT skene3o (E’=-0,44p),
katomom — wMedb (E'=+0.34B.). Ilponecc wa anome Ehlpa}KaETCHE

() e 2+
Fe” —2e = Fe™ (OkuclleHue), Ha Katome (Ha IIOBEPXHOCTH MEIH):
2H" +2¢ = H, (BoccraHOBiieHue). E 7
5 . benu cpenma HelTpanbHas (Hanmpumep

H,0), To npy TOM K& aHOTHOM MPOLECCe, KaTOIHBIH — TMPOTEKaeT CIIETYIO-

muM obpazom: 2H,0+ 0, +4e =40H ", T.e. oKUCHHTENEM SBISFOTCSH HE

HOHBI BOIOPOAa, a MOJICKYJILI KHCIIOpOoaa, PacTBOpPCHHOTO B BOJE.

2.1. 3ammTa 0T KOppO3UN

PasHooOpasHele MPUEMBI 3ALUMTBI OT KOPPO3MH PA3IENAlOT Ha TPH OC-
HOBHBIX BHIA: SJICKTPOXHUMHYCCKAA 3aMIUTa, HAHECEHHWE MOKPRITHM M BHece-
HHUE B KOPPO3HOHHYIO Cpely BEUIECTB, 3aMEMIAIONIUX KOPPO3HIO, HHTHOUTO-
poB. llpu 31EKTPOXUMHUYECKOH 3alIUTE METaUl COEMMHSIOT HH}*} C oTpuua-
TEJILHBIM [OMIOCOM BHCUIHETO MCTOYHMKA TOKa (2JIEKTpOo3amuTa), Wik ¢ 6o-
JIEC DICKTPOOTPHLIATENLHBIM METANIIOM (MIPOTEKTOPOM). HpHHuHﬁ NEeHCTBUA
B 000MX ClIyvadX OMMHAKOB: 3alMIMaeMbIil METaLl MOAYYaeT 3MEKTPOHEI,
CTaHOBACH KaTOIOM MO OTHOLICHMIO K JMEKTPOIIUTY W, CIEI0BATEILHO e
AOJDKEH KOPPoAupoBaTh. MeToo NMpUMEHUM TOJBKO B XOPOIIO HpDBDﬂH;L{ﬂH
Cpefe, HO He B aTMOC(hepHbIX VeAoBHAX. Hanecenue MOKpLITHIT Mpecieayer
HENB: OTpalliTh MOBEPXHOCTL METAIA OT NEHCTBHUS arpecCHBHON Cpelbl
HOKpeITHST MOTYT ObITh KaK METaIINYEcKHe (XpOMHUPOBAHHE, HHEEHHDGH&;
HUE, JIY)KEHHe), TaK U HeMeTa/Utndeckue (laku, KPackKu, IMaIu 1 TR Bmﬁe-
CTBd, BBOAUMBIE B CPEeIY 14 3aMEJICHUA KOPPO3UH (ﬁﬂmﬁﬂmpm). [0 CBO-
EMY XMMH1ECKOMY COCTAaBY OTHOCATCA K PasiIMYHBIM KJiaccaM XHMHYECKUX
COCAMHEHHMH, HAIPUMED, K alblAeTHIaM, aMUHOTIPOU3BOAHBIM U P, CHILHEI-
MU 3aMEITUTEIAMI KOPPO3MK CTall B BOJAE SBIAIOTCA XPOMAaThl, HUTPHTHI,

HUTPATh, (OCHATHI [IETOYHBIX METAIOB. DTH BEIlIeCTBA HOJYYHIN HA3BA-
HHE [IaCCMBATOPOB, UX MHOTIA HA3BIBAIOT TAKXKE MHIHOWTOPAMH.

3. JKCnepuMeHTarnbHas 4yacTb

3.1. Onpenesienne 0OTHOCHTENHbHOM CKOPOCTH KOPPO3HH JKeJie3a
NPH KOHTAKTE ¢ Pa3saHIHBIME METAJIAMHU

BospMuTe 4 OMUHAKOBBIX KE/IE3HBIX I'BO3MS, OJIMH U3 HUX NOKPOHTE Me-

IIbIO, IPYTOH — PTYTHIO. JI71 5TOTO XOpOIIO OYHCTHTE MX HaXIauyHOH Gyma-
.-H' : b @

FOM W ONYCTUTE HA 2—3 MUHYTHI B PAcTBOPHI COJlel MeIM ¥ pTyTH. [ BO3am

BBIHETE H3 PACTBOPOB M ONOJIOCHHUTE BOIOM.

K TpeTbeMy TBO3MIO NPUKPENHTE KYCOUeK NMHKOBOM MITACTHHKH (HJIH
BO3BMHTE TAKOM K€ IO BENMIMHE KYCOYEK OLMHKOBAHHOTO Xene3a). YeTsep-
ThIH — OCTaBbTE 0€3 M3MEHEHUA IS KOHTPOJA. 3aTeM OITYCTHTE BCe 4 rBO3.asd
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B NPOOMPKH, coiepikamue npuonusutensHo mo 3 mir. 0,028 pactBopa coss-
HO# KuciaoThl. HaOmopaite 3a CKOpPOCTBI) PAcTBOPEHHA Kejle3a BO BCEX
rpooupkax. Yepe3 5 MUHYT BBIHBTE IPOBOJIOKM U H00ABETE K PACTBOPAM II0

2—3 Karuij peakTHBa Ha IPUCYTCTBHE HOHOB Fe' — K, [FE'(CN ) ] XOpol1o

mepeMeluanTe | 10 UHTEeHCUBHOCTH OKPACKM CACNauTe BBIBON O KOIUYECTBE
PACcTBOPHUBUIErocs JKejie3a ¥ O BJIMAHUM METAIJIOB MEIH, PTYTU U HUHKA Ha
CKOPOCTh pacTBopeHus keje3a. CocTaBbTe CXEMBI NEUCTBUA 00pa30BaBILINX-
CA TallbBAHUYECKHX Map. '

3.2. AKTHBATOPbI KOppo3uH. Biiusinne Ha KOPPO3HI0 HOHA XJ0pa
B nBe npoOMpKM NMOPO3HL HANEWTE 1O 3 MJI. pacTBOpa Cylb(ara U XI10-
puta meru ( CuSO,,CuCl,) u NOrpy3ure B HUX OAMHAKOBBIE KYCOYKH alio-

MuHKEBOH (oJbri. Yepes HEKOTOpOe BpeMs HabmoJalTe BLIIEIEHHE Ha 110-
BEPXHOCTH OJIHOIM W3 MJIACTHHOK CJI0A MeTaindeckod mMemu. OTMEThTE, B
Rakoii? 3aTeM B MpoOUPKY C pacTBOpoM cy/ibara Meau 100aBsTe HECKOJIBKO
KPUCTAIMKOR XJ0OpuAa HaTpus W HaOmrojanTe, Kakve MPOM3OIIIH H3MeHe-
Hyst. [laiite 00ObsICHEHUA NTPOJACIIAHHBIM OIIbITAM.

3.3. 3navyenne 3AIUTHLIX VIEHOK B MPOUECCEe KOPPO3IHHU
HA NpUMepe AJIOMHAHEA

J{Be TIPOBOJIOKM AMKOMUHUSA TOTPY3UTE Ha MHHYTY B paCTBOP €IKOT0 Ha-
Tpa, 3aTeM MPOMONTE BOJOH M BHICYLIMTE MEKIY JHUCTAaMU (QUIALTPOBANLHOM
oymaru. OQHY U3 OYUILEHHBIX TPOBONOK MMOMECTUTE Ha |—2 MUHYTHI B I1PO-
OMpPKY C pacCTBOPOM HUTpATa PTYTH, IAPYryH OCTAaBbTE A/ CPABHEHHUA. BbIHL-
Te TIPOBOJIOKY, ITPOMONTE BOAOH M HaOitoaiTe 3a H3MEHEHHEM MOBEPXHOCTH
ATIOMMHHMA Ha Bo3ayxe. CocTaBpTe ypaBHEHHE peakillHMK B3auMOIEHCTBUSA
AMIOMUHUS ¢ HATpPATOM PTYTH. CONOCTABLTE ¢ MOBEPXHOCTHLIO APYIOH ITPO-
Bosiokd. Kakoe memiectBo 00pa3zyeTcss Ha MOBEPXHOCTU alFOMUHUSA, 00pado-
TAHHOTO B PACTBOPE HUTpATA PTYTH

Ofe mpPOBONOKK OAHOBPEMEHHO MOTPY3UTE B ABE MPOOHPKH ¢ BOLOI:
MPOMCXOJIUT JTY BbIIENEHHE ra3a (kakoro?) ¥ B Kakoi npodupke. O0bscHUTE
HaOmooaeMble ABJICHUA, HAITUIIUTE PEAKIHIO B3aUMOJEHCTBHA JIFOMUHMS C
BOJIOM B MOJIEKYIAPHOM H HOHHOM BHIE.

3.4. 3amMATHBIE CBOMCTBA METALNHYECKHX NOKPLITHH

B 1Be npobupku Haieite mo 3—4 . 0,3H pactTBOpa COJISTHOM KUCIOTHI U
npudaBbTe Mo 2-3 karmu pactBopa K. [Fe(CN),]| — peakTuBa Ha HOHBI

Fe® . 3ateM B 0JHY NPOOUPKY OIYCTUTE IUIACTHHKY OIIMHKOBAHHOTO JKEJe-
34, B OPYIYVIO — JIVKeHoro. B kako#l mpoOupke Habmromaerca Oojiee HHTEH-
cuBHOe okpalnuBaHue? OOBACHUTE NPOLECCHl, NMPOTEKAKLIUE B NPOOHpKaXx,
COCTaBBTE CXeMV IeMCTBVIOIMUX TajIbBAHUUECKHX IJIEMEHTOB.
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3.5. IlporekTopHas 3aI{HTa

B crakan ¢ pa3baBneHHOR ykCycHOH kucmoroit (0,2—0.4H), kK KoTOpOI
MpuOaB/IEHO HECKOJILKO Kamesnb pacTBopa K.J, TOMECTHTE LHMHKOBYIO H
CBUHLIOBYI) TJIAaCTHHKH B KOHTAKTE IPVI ¢ IPYroM 4epe3 3JeKTPOIPOBOL.
Jpyryio miacTuHKy CBUHLA 1714 CPaBHEHMS OIYCTHTE BO BTOPVYIO IIPOOUPKY C
TE€M JK€ PacTBOPOM. B KaKOM COCYIe CKOpee IMOSBUTCS JKEATOE OKPALTMBAHUE

(obpaszosanue PD.J, xkento-3onotHcToro Imera)? COCTaBLTE CXEMY IEHCT-
BUsI rajibBaHomapel. OOBICHUTE Pe3yibTaThl OIBITA.

3.6. DiekTpo3zammra
B Hebonbmmoi crakan Hanelte 3%-# pacTBOp XJopHaa HaTpus, 100aBb-
Te K Hemy 2-3 Kamiu pactsopa K, [Fe(CN),] u ommycTuTe [0 MOJIOBHHBI ABE

KellesHble TIpOoBONOKH, OTMeThTe, 4TO HaOMFOHAETE Y TOBEPXHOCTH 00EMX
MPOBONOK? 3aTEM MPUCOEIHUHUATE 00€ IPOBOJIOKH K HCTOYHUKY ITOCTOSIHHOTO

Toka (akkymynsarop). Kakpe msMeHeHns HaOmonaeTe B PacTBOPE y MOBEPX-
HOCTH 00erX NpoBoNoK? OOBICHUTE pPe3yILTaTh HAOIIO IeHKI.

3.7. deificTBHe HATHOHTOPOB

Hamnelire B Tpu nmpodupku o 2-3 Mi1. 1H pacTBopa cofHON KUCIOTEL. B
OIHY M3 HUX MOMECTUTE KYCOYEK LHHKA, BO BTOPYIO — KYCOUEK JKeje3a, B
TPEThIO — amoMuHMs. Ecii B KakoH-nu00 U3 npodUPOK peakurs MpoTekaeT
MEUIEHHO, Clierka HarpelTe ee. Kora Beiae/ieHHe BOOOPOa CTAHET UHTEH-
CUBHBIM. [PUOABbTE B KaKAYIO IPOOUPKY Mo 3—4 Karuii HHTHOUTOpA aHWUIH-
Ha unu yporponuna. Kaxoil nabmomaerca sddexr? Bo Bcex nu ciyuasx
aHWJIMH WA YPOTPOITUH SBIAETCS 3(QMEKTUBHLIM HHTHOUTOPOM?

3.8. [laccuBupoBaHne METAJIIOB

XOpOoLIO OYUCTUTE HAKAAKOM [Ba CTAIBLHBIX TBO3md. Hanelite B npo-
Oupky no 1/3 obbema KOHILEHTPUPOBAHHOM a30THON KUCIOTH U IIOMECTHTE B
HEE TBO3IM Ha 2—3 MUHYTHL. BbIHBTE IIMIILEAMU TBO3[b U3 MPOOUDPKH, TIPO-
MOUTE ero BOJIOM M3 [IOJ KpaHa U OIyCTHTE B CTaKaH C pa30asieHHoil cepHO#
KMCITOTOH. 19 CpaBHEHMA B TOT ke CTakaH IMOMECTHTE BTOPOI rBo3ib (He-
IacCMBUPOBaHHBIN). Ha Kakom 00pasiie BbIAeNAETCS BOIOPOI M MOYeMy?

4. KOHTPOSIbHbIE BOMPOCHI

4.1. Uro Takoe xoppo3ua? Kakue BUIbI KOPPO3HH BEI 3HAETE?

4.2. Kax 0Oymer mpoTekaTe B KHCIIOM cpeme KOppo3Hs kejesa:
a) TIOKPBITOTO MEkI0; O) MOKPEITOro Mapraduem? OTBET MOTUBHpYIiTe.

4.3. Kakye CyImecTBYOT METOIBI 3aIIUTE METAILIIOB OT KOPPO3UH?

4.4. Kakue moKphITAA Ha3bIRBAKOTCA aHOIHBIMH, KATOIHBIMU?

4.5. B KakoM cilydae KOppo3us keneza OyaeT NpoucXonuTh ObICTpee: B

Cydae JIy)KEHOTO Kejie3a i ouMHKoBaHHOrOo? [lpuBenure cxemy padoTh
MHUKpOTajibBaHoIap.
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JNlaBopaTopHasa paboTa
SJNEKTPOJING

[lenp paboOThI; MPOBECTH ANEKTPOIMU3 PAdd BOAHBIX PacTBOPOB COJIEH,
H3VYUTH BIMSHUE MPUPOALL JEKTPOIMUTA W MaTepHasa 3JIeKTPOLOB Ha MPO-
TEeKaHHUe MpoLlecca.

1. PeakTtuBbl 1 obopygosaHue

1.1. O6opynosanue: snekrponusep (U — obpasHas TpyOKa), SMEKTPOIb]
rpadUTOBBIC U MEJIHble, OaTapes, HaxkJayHas dymara.

1.2. PacTBOpSI: Cynb(aT HATPUSA, XJIOPUI HATPHA, XJOPUI MEIH, HOANI
MEIHU, HOOM/I Kanusd, CepHas KUCIIoTa, XJTOpH/ TUTaHa.

2. TeopeTnyeckasa vacTb

DNEKTPOJIU3 — 3TO OKUCAUTENbHO-BOCCTAHOBUTENIBHBIN TMPOLECC, MPOTE;
KA TIPY MPOXOKIAEHUHU 3JIEKTPUYECKOr0 TOKa 4€pe3 pacTBOp WK pac-
AR NEeKTPOIMTA.

B mporiecce 2JIEKTPOJIM3A MPOTEKAIOT INEKTPOXUMHYCCKUE TIPOLECCHI,
COCTOSALIME B OOMEHE EKTPOHAMM MEK/IY AJIEKTPOAOM M MOHAMH (MOJIEKY-
JaMu’) pacTBOpa WK paciasa.

Ha xaroae — OTpHLATENEHOM JIEKTPOIE — WIYT NPOLECCHI BOCCTAHOBIEHHNS.

Hanpumep:
Me™ 498 5. Ma® (Ma—Cw**  Ni** L Fe™ .op) (2.1)
DH.O+28 — H,+20H (Me"™ = Na", K™ , Mg, Al"",0p.) (2.2

Ha anoje — npouecchl OKUCAEHUA:
(I" — raJioreHuI — HOH)

I~ B I (2.3)
S -2e=S5" (2.4)
2H,0-4e =0, +4H" (2.5
Cu-2e = Cu** (2.6)

Ha 531eKTPOIHbIE MNPOUECChl OKa3blBAKOT OOMBINOC BIMSAHHE IPUPONA
3JEKTPOJIMTA, €70 KOHLUEHTpalys, MaTepual 3JeKTpoia, INIOTHOCTh TOKA.

Paspsia MOHOB MeTaljla Ha KaTONE ONpPENe/IAeTCs TMOJN0KEHUEM MeTallna
B PATY CTAHIAPTHBIX 3JIEKTPO/HBIX NOTEHLATIOB (T.e. 3HAYEHWEM CTaHIAPT-
HOTO JIEKTPOAHOTO TIoTeHIMana, E).

Uem MeHblle (OTpULIATENbHEE) BENIMUNHA NIOTEHIIMAIA, TeM TPYIHEE HOH
paspsokaeTcsa. [Ipu 3/1eKTpoik3e BOIHBIX PACTBOPOB CONEH aKTUBHBIX META-
JIOB, CTOSIIMX B ALY CTAHAAPTHBIX 3/CKTPOMHBIX MOTCHIMAIOB 10 aTiOMHU-
HUA BKIIOYHTENBHO, HA KAaTOZe BOCCTaHaBmuBaetca soma (E'=-0,838). Ilpu
3TOM BBLAENAETCS Tra3 Bonopoa (mpouecc 2.2). IIpH 37I€KTpoau3e BOAHBIX
pacTBOPOB COMeil 1IMHKA, jKelle3a, HUKENS BOCCTaHABIMBAKOTCA HOHBI COOT-
BETCTBYIOIIMX MeTasioB (2.1).
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Ilpn HCTIONB30BAHMM WHEPTHBIX (HEPaCTBOPUMBIX) 3JIEKTPONOB (YIOJE,
rpaur, IIaTHHA) HA aHOIE TPOMCXOMUT OKHUCJIEHWE AHHUOHOB, MOJIEKYI pac-
TBOpa. Eciu aHuMOoH conu OecKHCIOPOIHLIH, TO OH PA3PSUKACTC HA aHONE (2.3,
2.4), eclu KYCIOPOIOCOAEPKAIIMIL, TO paspesxaercst Boaa (E'=+1,238) (2. 5.

Ha akTMBHOM pacTROpMMOM aHoze (MeIb, IHMHK, HHKETH) NIPOUCXOIUT
HE paspsl HOHOB, a pPacTBOpPEHME MeETalia, T.€. TepPeXoj HOHOB MeETalia
(anona) B pacteop (2.6).

CxemMa OKMCIHMTENBHO-BOCCTAHOBUTEILHOTO IIPOLECCa, MPOTEKAIONIEro
[IpU 3TEKTPOIHU3E, MOAYyJIaeTCss CYMMUPOBAHUEM CXEM aHOIHOTO W KaTOMHOTO
MPOLIECCOB.

Maccy BemecTBa, NoJTy4yaeMoro MpH JEKTPOIIN3E, ONPENENIAT 110 3a-
KoHam Dapaies.

3. QKCrepuMeHTanbHaa 4acTb

3.1. OnpITHI 0 YJIEKTPOJIH3Y NPOBOAAT
B MOJIYMHKPO3/JIEKTPOJIH3Eepe

Puc. 2.1. IlDH}WIHHpDEﬂEHTpDHHSE‘pZ
I. — U-o0pasnas tpyoka: 2. — Snektpoasl: 3. — barapes

- Bo Bcex ommitax 37€KTpONM3Ep 3aNONHAT PACTBOPOM IEKTPOJIMTA Ha
2/3 cBOETO 00BEMA. DNEKTPONU3ED W DJIEKTPOJBLI NEPE] KakKIBIM OIBITOM

THIATC/IbHO IIPOMBIBAIOT OUCTHILIMPOBAHHOH BOMOH. [TpoOkn B anekrposmse-
p€ BCTABJIAIOT HE IJIOTHO.

3.2. DNEKTPOIN3 BOAHBIX PACTBOPOB ¢ HEPACTBOPHMBIM AHOAOM

3.2.1. Dnexrponus pacteopa cyib(ara Harpus

3anoNHATe HCKTPOSAMICD PACTROPOM cyihdara narpus, nobasbre He-
CKOJIBKO Karesih (penomdranenta, onycrure rpaintonbie MeKTpoibl, COeam-
HUTE MX C nojrocamu barapen, Yepes nexoropoe npems nabimiojaerces moss-
JIEHUE MAJTHHOBOTO OKPAIIHBAHMA Y OMHOIO WY MICKTPOIOR

Ob6wsacuute nabmonaemoe srenne, CocrTamnTe CXeMbl NIEKTPOAHBIX
TIPOIIECCOB.

3.2.2. DAEKTPOIIMI PACTROPA XAOPUAN Wt il

3aIoMHUTE AMCKTPONMIC)H PACTHOPOM XHOPIIN Hntpus, 100aBbTe He-
CKOJIBKO KalleJlb rIiUIHb.mIJ|.'111L'IIH.|, OHYCTHLe  rpadmronnie MICKTPOJILL.

COESIUHUTE UX C HOJIHOCaAaMM OaTape i

1/
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Uepe3 HEKOTOpPOE BpeMs HaOMIONAeTCs BhUIENEHHE Ta3o00pasHbIX Be-
IIIECTB HA aHOJIE ¥ KaToJe.

CocraBpTe cxeMy exTposmza. Kakue rasel BRIIETFOTCA B MPOLECCE 3JIEK-
Tpormza? Y Kakoro 3JeKTpoia HabmoaeTcs MauHoBoe oKpatmkBanue? IToyemy?

3.2.3. DIeKTPOJIHA3 XJIOPHIa MeIH

3aroHATE JIEKTPOIN3EDP PACTBOPOM XJIOpHAa MEIU, OIyCTuTe rpadu-
TOBBIE DJIEKTPOJbI, COEMMHUTE MX C Tomrocamu Oatapen. COCTaBbTe CXeMY
31eKkTpoan3a. Kakue opoayKThl OMy4arOTCs Ha aHOAE M KatoJie?

3.2.4. DAexTpoinu3 pacTBOpa HOIUIa Kaaus

3amoNHUTE IJIEKTPOJIH3ED pacTBOpoM Homuda Kaiug, H00aBbTe He-
CKOJILKO Karenb deHondraneuna, onycTuTe rpauToBLIC 3MEKTPOAbI, COeaH-
HUTe UX oJIrocaMu darapen.

O0OparnTe BHHMAaHWEe Ha W3MEHEHWE OKpackdu y aHoja M xaroma. Co-
CTABBTE CXEMbI AJEKTPOAHBIX IPOLECCOB.

3.2.5. DOeKTPOJIM3 BOAHOr0 pacTBopa XJjopuia THTaHa

3alloJIHUTE JJISKTPOJIM3Eep pacTBOpOM coiM Turana (IV), omnycTure rpa-
(UTOBBIE HTEKTPOILI, COEIUHUTE UX C UCTOYHMKAMH TIOCTOSHHOTO ToKa. Ha-
omronaiite B OJTHOM KOJIEHE SIIEKTPOJIH3epa OKpallliBaHue pacTBopa B (puosie-
TOBBI 1IBET XapakTepHelil s nona 77" .

CocTaBbTe CXEMBI HIEKTPOIHBIX rpotieccos. [Toueny uonel Ti (IV) npu
3TEKTPONNU3E HE BOCCTAHABIMBAIOTCA [0 3JIEMEHTAPHOIO TUTaHa?

3.3. DUIeKTPOJIN3 PACTBOPA ¢ PACTBOPHMBIM aHOAOM

3.3.1. DAEKTPOJIN3 BOJHOTO PacTBOPa CEPHOM KHUCIOThI € MEIHBIM aHOI0M

SanOAHUTE NIEKTPOJIH3EP CepHOM KHUCTOTOH, OnycTUTE Ipa)UToBBIA 1
MEHbIH 3J1IEKTPOIRL. TPHCOEIHHHUTE HX K IOjrocanM darapen (MeIHbIH K 110-
JTOKHTEIIEHOMY TIOJIFOCY ).

Yro wadmronaere? Kakuwe npouecchl NPOUCXONAT Ha djekrtpogax? Co-
CTaBbTE CXEMBI 2JJICKTPOOHBIX TpolieccoB. C KAKOM IEIbI0 B TEXHUKE
HCTIOJIB3YETCS AEKTPOIU3 C PACTBOPHUMBIM aHOHOM

4. KOHTpONbHbIE BONPOGHI.

4.1. B kakoil nocieaoBaTeJbHOCTU OyIyT BOCTAHARIMBATECA KATHOHBI
Ip¥l 3MEKTPOJIH3e CMECH Ccreiyromero coctasa: Fe® , Pb*", Hy™ ,Mn*" npu
OIMHAKOBOM MalIApHON KOHIIEHTPALIUI COOTBETCTBYIOLIMUX COJIEH B pacTBope”’

4.2. U3MEHHTCA JIM KOIIMYECTBEHHOE COAEPKAaHUE KaXKIOH U3 YKa3aHHBIX

coltell B pacTBOpe NpH IEKTpoiH3e BOAHLIX pacTBopon: a) NaCl u KBr;
0) K,CO, u AICL,;B) CuSO, u AgNO; ? O1BeT-000CHYHTE.
4.3, Kakue mpolecchl MPOTEKaroT IIPU DNIEKTPOJiM3e BOIHOTO pPacTBOpa

XA0PHUA HUKEJISA: ) eCJIH aHOJ HUKEJIEeBhIH; B) €ClIM aHOX YTONbHBIN
4.4, Kakue TpOAYKTHl TOMYyYaroTCsa IPH 3JSKTPOJIM3E BOIHBIX PacTBO-

poB: a) BaCl,;®) NaBr,B) ZnSO,;r) Pb(NO,),, eciu anox YyroJjbHBIH?

4.5. Kakoe konmuecTBO (B rpammax) Ag, Cu, Zn BBIIENUTCS IPH 3JEK-
TPONIM3e COOTBETCTBYIOIIUX COJIEH, €CTA YEPe3 pacTBOP MPOIYCTUTh KOJIAYE-

CTBO 3JieKTpuyecTra B 1F?
18
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MeToau4ecKUe YKa3aHud COCTOSAT U3 JABYX YacCTe: TEOPETHUCCKOMH U IKC-

MePUMEHTAJILHOM. )
M3ydeHre TEOpPETHYECKOro MaTtepuana CrocoOCTBYET YCBOCHHIO IHAHHOM
TeMbI, 4TO MO3BOJIAET I'PAMOTHO BBIMONHUTE KCIEpUMEHT. MeTonuka BhINOJ-
HEHWS ONBITOB MOAPOOHO ONMCAHAa B DKCIEPUMEHTaNbHOM YacTh. C Hensio 3a-
KpEIUIEHHsA M3yYEHHOTO MaTepHalia MpUBOJATCS KOHTPOJILHBIE BOIPOCH.
MeTouueckne ykazanusi kK j1abopaTopHOMY NMPaKTHKYMY ABJISIOTCA pYy-

KOROJACTBOM JUISt TIOJIFOTORKH W nposesenus nabopaTtopHbix padoT 1o Kypey
xumus (passen 1) um erypenron | kypea cnenmanbrocreit: 013100 — skono-
ri, 280900 konerpyuponanue mpeinpix w3genu, 351100 — ToBaposene-
HUe W ookenepTusa rosapon, 280800 — TeXHOIOr|sA HIBEMHBIX U3ACITUH.
Cocrannrens: CasepueHko A.H., KaHJ. XHMM. HayK, JOLEHT

PelieH3eHT: Muxansuernko T.K., kKaHa. XUM. HAYK, JOLUECHT

[Tegaraercs no pemennto PUCO BI'VOC
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IROHUMMR T 1 cepiurca, 2020

(e 2004)

OPIrAHUSALIMA PABOTDI
U BEOEHUE NTABOPATOPHOI'O XYPHATIA

[loaroToBka K KaskZIoMy J1aBOpaTOpHOMY 3aHATHIO NPOBOJUTCSA YYaIlu-
MHCA I0Ma 110 Y4eOHHKY, JIEKIIHOHHBIM 3aIHCSIM H 110 PYKOBOJACTBY K j1abopa-
TOPHBIM padoram,

[lepen Hauanom pabotei B naboparopuu chemyeT IMONYYIHTh U MONTOTO-
BUTH BCE HEOOX0aUMOe 000pyI0BaHNE W MATEPHAIBL.

PeakTHBBI pasMEmarOTCs B CNEUHANBHBIX HACTOJLHBIX DPEAKTHBHBIX
AMTHKAX.

Bo Bpems npoBeleHus onbiTa Ha pabGoueM MecTe He JIOJDKHO OBITh HHYEro
JTHITHEr0; HeOOXOAUMO MOACPIKUBATEL HA HEM YHCTOTY M IIOPSIOK.

HekoTopbie OTIBITH CIIENYET NPOBOJMUTE B BHITSHKHOM IIKady, O 4eM MpH
onucaHuM paboThl CHE/IaHbl COOTBETCTBYIOIIME YKA3aHHUS.

[1o oxoHYaHMM pabOTHI yqamMecs NMPOBEPAIOT PACHONOKEHHE PEAKTHROB
B HACTOJJBHOM PEaKTHBHOM AIIHKE (MOPAIKOBBIE HOMEPA Ha CKILTHKAX JOJDKHBI
COBITA/laTh C MOPSJKOBEIMU HOMEpPaMHM Ha THe3jax sluKa), CHA0T JIabopaHTy
MOTY9E€HHBIE PEaKTHBBI, MATEPHANBI H 000pYyNOBaHKE, TINATENHHO MOKOT 110CY-
ny 1 ybuparor cBoe pabouee MecTo.

lIpu moxroroBke K nabOpaTOpHBIM paloTaM M NPHU NPOBEIEHHY UX yda-
IHECS NIOJDKHBI BECTH 3allUCH B CIELIMAIbHON TeTpagy — 1abopaTopHOM Kyp-
Haje. B 1aboparopHOM XypHaie OTMEYaloTCs 1aTta, HOMEP ¥ HAaUMEHOBAHUE
TEMBI, HOMEP 1 Ha3BaHWE OIlbITa, KPATKOE ONMCAHUE OMBITA: YCIOBUA €0 Ipo-
BEIEHHUA, KOJIMYECTBO PEAKTHBOB, BCE HAOMONAeMble SBICHHS M M3MEHEHUA,
XMMHU3M [IPOLECCA M KPATKUE BLIBOJIBI.

[Ipu ommcaHnu OMbITa HE CNEAYET JOCIOBHO MEPENMCHIBATL TEKCT Y4eo-
HOTO mocobus. HyXHO HayYuThCS IPUMEHSTH COOCTBEHHBIE YeTKHE (BOPMYITH-
POBKH, MOJIB30BATHCS CTPYKTYPHLIMM (DOopMysaMH. 3aIMCH HOJDKHBI ObITH Ja-
KOHUYHBIMU,

Ocoboe BHMMaHME cienyeT oOpaTUTh Ha 3anuch HaOIIOAEHMI, OTMEYaTh
M3MEHECHUE OKPaCKW, BBITIAZICHWE M PACTBOPEHHE OCalKa, NOSBIIEHHE Xapak-
TEPHOTO 3amaxa u T.[., & TaKXKe Ha KpaTkue BoIBOABL. [IpaBHIBHO clenaHHbIe
BBIBOZIBI HA OCHOBE Pe3yJIbTaTa OIbITa WM IPYIIIIBI OIBITOB FOBOPAT 06 ycBOE-
HWH TEOPETHYECKOTrO Marepuaia no gaHHod teme. Habmonenus u kpaTkue
BBIBOJIBI YYaIlMECs 3alMChIBAIOT MPH NPOBENEHUH ONbITA B JJaGopaTtopuH, Bce
OCTAJIbHBIE 3aIMCH NENAI0TCA NPEABAPUTENBHO YIPU MOATOTOBKE K Jaboparop-
HEIM paboTam.

Jia MmocTpauMu npueeaeM obpasell 3ammucH B 1a6opaTOpHOM Kyp-
HaJe.




Hara: 10.X
Tema: Anrannt

Hazpanue naboparopHoit paborul: [lojgyuenude MetTana M H3y4e€HHE €ro

CBOMCTB.
OmpiT 1. ITomyueHre MeTaHa B €ro TOPEeHUE.

KpaTkoe OIMCaHWe OIBITa: B CyxXyro NPOOHPKY, CHADKEHHYIO n_?n:lﬁ_mﬁ C
Tra300TBOAHOM TPYOKON HOMECTHIN CMeCh M3 GGESBG}HEHPGFG ( .‘H_i(.( X )Nﬂ &
HATPOHHON U3BECTH B COOTHOIIEHMHM NpUMEpPHO 1:2 (CIOH BBICOTOH 4-6 MM).
Harpenu npoGHpKY B MIaMeHU Topenk. [100KIIIH BEIIEILIOMMACA METaH Y
KOHI[A ra300TBOAHOM TpyOKU. MeTaH ropuT roiy0oBaThiM HECBETAMIAMCA I11a-

MEHEM.
XuMu3M mpolecca:

CH_?COONEI + NaOH ‘%‘ CH.; s Nﬂg(li(;'_;

CH,+ 20; —2» CO; + 2H;0

Brmo: Tpn narpenaumn narpuesofl coiam yKCycHON KUCI0Tel ¢ HATPOH-
HOR WIReCTRIO TIPORCXOIART paciinenienie cojin obpaszoBaHueM MeTaHa. Me-

CAHE TOPIOYIR Tad

IaboparopHas pabGota Ne 1
OYUCTKA OPIFrAHUYECKUX COEQUHEHUN.
KAYECTBEHHbIW SNTEMEHTHbLIA AHANU3
OPIrAHUYECKNX COEOQUHEHWUIA

LHeaw paborThi: M3YYUTH METOABl OUHMCTKH OPraHHUECKHX COeIMHEHHII.
YCTaHOBHUTH KAYECTBEHHBIM COCTAB OPraHHYECKOr0 BEUICCTRA.

1. TeopeTuyeckasa vacThb

Baxnelimas 3agada opraHM4ecKoro CHHTE3d — TIONYYEHHE YHCTBIX Be-
mecTB. OOBIYHO OpraHuveckue Ipernaparsl, MOMydaeMble B pE3yIbTaTe TOM
WIH UHOM peakUiy NPEeACTaBIAOT cO0OH "ChIphie" MPOAYKTHI, 3arps3HEeHHbIE
npuMecaMu. "CrIpbie” TPOIYKTHI NMOABEPralOTCs OYHCTKE, TPH 3TOM NOJb3Y-
FOTCS Pa3jiH9HbIMUA METOJAMH OUUCTKH OPraHHYECKHX BEIECTB: KPUCTAIIIN3a-
LM, BO3TOHKA (CyOIMMaIyA ); SKCTPaKLUA; EPeroHKa; XpoMaTorpadus.

1.1. Kpucrajmazanuga

Kprcrammzanuei Ha3pIBACTCA NEPEXOJ BEIECTBA U3 JIFOGOr0 arperaTHo-
ro cocrodnus B tBeppoe. llpu pacTBOpEeHUN 3arpsg3HEHHOTO BEINECTBA WU TI0-
CHEeAYIOMEHd KpUCTAIUIM3AUMH MPpUMecH 0BbIMHO ocTaroTes B pacTBope. Hepac-
TBOPUMBIC MPUMECH JIEFKO OTAENNT: (HILTPOBAHUEM TOPSYEro pacTBOpA.
Bribop Haubonee MOAXOIAMEr0 PACTBOPHTENS HMMEET PELIAoNIee 3HAYEHHE
Opa OYMCTKE BEIISCTBA KpucTaiusanueil. BemecTsa ¢ HENMOMIPHLIME U Ma-
JIOTIOJIAPHBIMUA MOJEKYIaMU JIyqllle PacTBOPSIOTCA B HENOJSPHBIX PacTBOPHU-
Tensx. Bemecrsa, MONEKyIBI KOTOPBIX MOJIIPHBI WM TOCTPOESHBI 110 HOHHOMY
THITY, JIyIII€ PacTBOPUMBL B MONSPHBEIX PACTBOPHUTENIX. BuIOpanuslil uis 1ie-
PEKPHCTATUIH3ALMNA PACTBOPUTENL JOIDKEH MO0 XOPOIIO PacTBOPSATH MPUME-
CH, MUOO COBCEM HE PAcTBOPATH MX H HE JOJDKEH B3aMMOAEHCTBOBATH C OUM-
[IAEMbIM BEIIECTBOM.

llocne QunbTpoBanus ropsuuit pacTBOp (MaTOMHUK) OXIAXIAr0T. Ilpn
OBICTPOM OXNaXIACHUU HONYYAIOTCS MENKHE KPHCTAUIBL, a [IPU MELICHHOM —
KpYTHbIe. BrInaBmiyie KpHCTaUIbl OTQHILTPOBRIBAIOT, YI00HEE BCETO OTCACH-
BATE JXKMIKOCTb, UCMOJIb3YS (Pap(pOpoByI0 BOPOHKY ¢ ALIpYaTBIM ZHOM (''BO-
poHKa broxsepa").

1.2. Bosronka

Bo3roHka — 3T0 mpouecc WcnapeHns TBepAOro BENmIECTBA C IOCIELYIo-
[EH KOHACHCAUMEN Tapa B TBepIO0e COCTOSHUE, MUHYS KUIKYIO (a3y. ITHM
CIIOCODOM MONB3YIOTCS ISl OYUCTKH TBEPABIX BEMIECTB, MMEIOIMX JIOCTA-
TOYHO OoNploe JaBjleHMe Tapa NpU CPABHHTENHHO HEBBICOKOM TeMITEpaTy-
pe. Bosronka mpuMeHHMa 0COOEHHO B TeX CIIydasX, KOrJa OYHCTKA TBEPIOTO
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OpraHYecKOro BEMIECTBAa OT CMOJIMCTLIX NPHMECeH IyTeM KPUCTAIUIH3ALHIE
He IOCTHraeTrcs. Bo3roHka mpeictapinger coO0i OTHOCUTENEHO MeNICHHBIH

polLece.

1.3. KagyecTBCHHBLIH 3JeMEeHTHBLIH AHAJIM3
OPraHMYeCcKUX coeHHeHnn

B cocTaB OpraHMYECKUX BEIIECTB, KpOME yrilepoja, dalle Bcero BXOIAT
ele BOJOPO, KHCIOpoX U a3oT. Hapamy ¢ HUMM B MOJIEKYIY OpraHW4ecKkoro
BEIECTBA MOTYT BXOAHWTH M JPYrHE JJIEMEHTHI, HallpuMep cepa, rajloreHsbl,
docdop.

Tt omperneNeHus JMEMEHTOB, BXOIAIMX B COCTAB OPraHMYeCKHX Be-
IMEeCTB, MX HeoOXOJMMO IpeHBapUTENBHO NEPEBECTH B HEOPraHWYECKHE CO-
CHUHEHNWS, I JanbHEHIIEero MCCIENOBAHKS KOTOPBIX NPUMEHSIOT MCTOMIBI
OOBIYHOIC KauyecTBEHHOTO aHanui3a. Hampumep, cnenmanbHbIMU METONaMH
YIUIepo IepeBoaaT B okcHn yraepona (IV), Bomopox— B BOZY, a30T — B 1Ha-
HUCTHIM HaTpwii ¥ T.4. JUIa OnpeAeeHus KMCIopoaa 00BIMHO HE MONB3YOTCA
KaueCTBeHHBIMU peakimsaMu. O ero NpucyTCTBHH CYJIAT 1O JAHHBIM KOJIHHE-
CTBEHHOT'O aHaNu3a.

2. JKCnepuMmeHTansHasa YacThb

2.1 Hepekpuera/uiH3anud

 npoOupry nrecHte nemuoro (~0,2 r) 6eH30HHOR KMCIOTEI, NPUICHTE
SeH MO ot CMech HarpenTe 10 KHICHUs. Kuciiota QoMKHA MMOITHOCTRIO pﬂC:
opiisen. L opaauit pactsop OblcTpo HpOQHILTPYHTE 4epe3 CKlaA4aThiM
GUitkp 1o pasaerTe Ha e 4YacTu. OHy 4acThb 6I:IET[)0 OXJIdIUTC, [MOIrpyrraid
HPpoDUpKyY 1 XOJ0IHYH BOMLY. Hpyryrxo 4acTh TOpA4ero pacrTBopa OCTaBbTe
MEJUICHHO OXJIKIaThes Ha Bozmyxe (20-25 MuH.).

Uro nabmopaete npu oxnaxkaeHaw pactBopoB? OOparture BHUMaHHE Ha
PASMEpPDI KPUCTAJITIOB B 000X 9aCTHX. )

[TosilyueHHBIe KPACTAILIEI O€H30HHON KUCII0ThI OTGUIBTPYHTE Ha BOPOHKE
biroxuepa.

2.2. Bo3roaka

B meGonsmyio dhapdoposyio gamky noMectute 0,2 T GeH30HHON KHCIIO-
Thl, YAIIKy HAKpo#Te QWILTPOBAIBHOW OyMarod, B KOTOPOM MpOAeNaHbl He-
Gonpmue oreeperud. Hakpoiire (apdopoByro 4amiKy ONPOKMHYTOH CTEKIIAH-
Hoi BopoHko#. OTBOHHYIO TpPYOKY BOPOHKH 3aKpOMTE TaMIIOHOM K3 BaThL.
Yamky ¢ BENIECTBOM HarpeBaiite Ha IUIMTKE. BHEIIHIO MOBEPXHOCTh BOPOH-
KA OXJIaANAr0T, MOMellas Ha Hee BJIaXHYIO TKaHb. Harpesarh damky ¢ Bemie-
CTBOM HY>KHO OCTOPOXKHO, HEOOIBINOE IEpEerpeBaHue MOXKET CIOCOOCTBOBATE
OBICTPOMY TEPMHUYECKOMY Pa3JIOkKEHUIO BO3TOHAEMOrO BEMECTRA.
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2.3. Qupenesenne yriaepoaa u Boxoposa
COMOREHHEM BemecTBa ¢ oxcnaoM menu (IT)

B cyxy:o mpofHpKy NOMECTHTE TINATENBHO NEPEMEIIaHHYI0 CMECh, CO-
CTOANIYIO M3 | BECOBOH YaCTH I'MOKO36I H 8 BECOBBIX YaCTEH OKCHIA MEIH (ID). B
BEPXHIO 9acTh MPOOMPKH 1omectute HeGOIBIION KYCOUEK BATHI, Ha KOTOPKIi
OMECTHTe HEMHOTO Oenoro mopomka 6e3pomHoro cymsgara memm (I1), [Tpo-
Oupky 3akpoire npobkoii ¢ raz0oTBOAHON TPYOKOH, KOHEII KOTOPOH OIMYyCTHTE B
MpoOHpKy ¢ OapuToBOH (MM M3BECTKOBOM) BomOH. TIpobupky ¢ HCCIIEYEMBIM
BELICCTBOM HArpewTe B IUIAMEHH CIMPTOBKH. Yepe3 HeCKONBKO CEXYHI U3 ra3o-

OTBOJHOH TPYOKH HAYMHAKOT BRIXOIUTE MY3BIPLKU ra3a u OapuroBas Boma MyT-
HEET BCJICICTBHE BBIIENICHNA Oeoro ocanka kapGorara Gapus.

[Iponomxaiite Harpesars npoGHPKY ¢ MCCNEMYEMBIM BEIIECTBOM, MOKA
apbl BOJILI HE HOCTHIHYT 0€10T0 Mopolka 00e3B0KEeHHOI0 MeIHOTO KyTIOpO-

Ca H HEC BBISOBYT H3MEHECHUS €0 OKPACKH BCIENCTBHE 00PA30BaHMS KPUCTAI-
noruppata CuSO, 5H,0.

XHUMHM3M Ipouecca:
CsH ,;,0, + [2CuOQ——>6C0O,; +6H,0 + 12Cu
CO, + Ba(OH), —— BaCO,, + HEO
CuSO, +5H,0——>CuSO, - 5H,0

2.4. OTKpBITHE 230TA HArPEBAHHEM

A30TCOACPRALIETO OPrauuvYecKoro Bemecrea
C HATPOHHOH H3BECTHIO

B CyXyio mpoOHMpKy NOMECTHTE TILATENLHO MepPeMEIIaHHYId CMECh, CO-

CTOAIIYIO M3 | JacTH MOYEBUHBI U 2 YacTel HATPOHHOM H3BeCTH. CMeCh Clier-

Ka HarpenTe. BHECUTE BIIaXkHYIO JIAKMYCOBYEO OYMaKy B IIPOOHUPKY, HE Kaca-

ACh CTEHOK NpoOHpku. JlakmycoBas Gymarkka CHHEET BCIIEICTBYE BBIIEICHIS
aMMHaKa.

XUMHU3M npouecca:

NH, — (|?~NH; i< o P CeyT

O

2.5. Ilpo6a beiiapmreiina Ha rajorenpl

Mennayro npoBonoky muikHHOE 10 cM ¢ merneif Ha KOHIe IPOKAJIUTE B

TJIaMEHN CTIMPTOBKH IO MCYE3HOBEHUS IIOCTOPOHHeH OKpacky ruraMenu, Oc-
TYIMTC NETINO, MOKPBIBIIYIOCS YEPHBIM HaneToM okcuna memu (II), u omyc-

.




THTE B IPOOHPKY C HCHBITYEMBIM BEIIECTBOM. BHecHTe HeTIIO0 B IIIaMs
CIIUPTOBKY. HEMEIIEHHO MOABIACTCA XapakTepHas APKO-3€IEHAT  OKPACKa
niaMens. [lpu npoxanuBanuu kucnopo) okenjga meu (1) oxkucnsier yrmepon
1 BOAOPOJ OpPraHMIeCcKOro BeuecTsa B okcuia yriepona (IV) u Boay, Mens xe
o0OpasyeT ¢ rajoreHoM JIETYYHE COSHWHEHHS, KOTOPhIE U OKPAaIIHBAIOT IaMs
rOpeNKyd B 3eleHbId 1BeT. [lodaBneHue 3e/ieHOro OKpalivBaHUA YKA3blBaeT Ha
IIPUCYTCTBHUE B OPTAaHUUECKOM COCAMHEHHH rajIoreHa.
XHUMH3M mpouecca:

2CHCI, + 5Cu0

»CuCl, +2C0, + H,0

KonTpoasHbie BONPOCHI

1. Ilepeuncnite METOABI OUHUCTKH OPraHUYECKUX BEILECTB.
2. OxapakTepusyire CHegyrollde METONbI OYHCTKH OPraHWuYecKHX Cco-

€ TUHEHWH: IepEeKPUCTAIITH3ALINS, BO3IOHKA, SKCTPAKIIHIA.
3. YTo Takoe Ka4eCTBEHHBIN IJIEMEHTHBII aHaJli3 OPraHu4decKUX COeHH-

HEeHui?

o I

,
il

IlaboparopHas pabora Ne 2
NMPEOENBLHBLIE YI NEBOOOPOObI

Llenr pa6orel: nonyuenue Merana u U3YYCHHE CBOMCTB MpPEETbHLIX YT-
JI€BOOPOIOB.

1. TeopeTuueckas yacrto

1.1. Crpoenne. H3omepns

K xnmaccy npenensHuIx YTIICBONOPOAOE OTHOCAT TAaKMe YTIIEBONOPOMBI, B
MOJIEKYJIaX KOTOPBLIX YIJIEPOIHBIE aTOMBI COENMHEHEI APYT C APYTOM MpPOCTHI-
MU CBA3AMH, a BCC BAJICHTHOCTH YITIEPOAHBIX aTOMOB, HE Y49acTBYIOIIME B WX
B3aMMHOM COSIMHECHHH, 00pa3yiOT CBA3H C ATOMAMM Bozopoma. Obmas dop-
MYy/da HPENeIbHBIX YrIeBonoponor C,H,,.;. Ipocreimm IIPEACIIBHBIM YIIIE-
BONIOPOIOM ABIIAETCS METAH, COCTAB KOTOPOTO BeIpaxkaetca gpopmynoit CH,. B

dJIKaHaX aTOMBI YIIepona HaXoIaTcs B TIEPBOM BATEHTHOM COCTOSHUN (sp’-

FEOPHAN3ALMS) U 00pa3yioT HEThIPE NPOYHEIE O-CBA3H.

M3omepus ankawos nposgenserca B naubomee MPOCTOM BHAE — CTPYKTY]-
HOU u3oMepun. OHA 3aBHCUT OT AdpaKTCpa YINICPONHOH Nenu — NpsaMoH mim
PasBETBIICHHOH. Hanpumep, uzomeps! Gyrana (C H 10):

CH,-CH,; -CH;~CH, CH; - CH - CH,

|
CH;

YAPOUJCHIAS CIMDYKIMYPHAS.  YAPOUeHHAS CIMPYKMYDHAS
popmyna n-6ymana popmyna uzobymana

1.2. XaMmudeckue ¢BolcTRA

[Ipenensrble yriesomopomsl XuMugecky MalloaKTHBHbI. Peakium moryt
[IDOTEKATE B OCOOBIX YCIOBMAX 34 CYET paspeiBa CBA3EH B MPENENBHEIX yIe-
Bogoponax C — C mwnu C — H. B 3aBHCHMOCTH OT XapakTepa paspsiBa CBS3Eii B
HUPCACIBHBIX YIIIEBOAOPONAX Pa3NIYalOT ABA OCHOBHBIX THIIA peaKLyii;

— PCAKIINY 3aMEIenHa Bogopoa (¢ paspeisoM C—H CBA3H);

— PeaKliun pacmervenus (¢ paspsiBoM C—H ¢z wim C—C CBSI3H).

1.2.1. Peakuun 3amemienus

JIerde BCETO NMPOMCXOOUT 3aMelieHye BOIOPOJa NPU TPETHIHOM aTOME
YTIIEpOia 1 TpyIHEe BCEro — IIPH HEPBUIHOM.

Ha comseunom csery mmm [IPY CLICHMANTEHOM OCBELICHHM aJIKaHbl BCTY-
[AIOT B PEaKIMIO 3aMEIIEHUS C raloreHaMy. 3aMeleHune MPOMCXOAUT MOCTE-
[IEHHO, C 00Opa30BaHHUEM CMeECH TaJIOTCHIIPOU3BOHEIX M COOTBETCTBYIOMIELO
raJlIoreHOBOAOPOIA;
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> CH;~CH,—CH,C! + HCI
RPONUAXAOPUD

Cl
CH,— CH,— CH, : Cl

nponan hv |
‘> CH;~CH-CH,;+ HCI
U30NPORUNXAOPUO

[Ton meiicTBrEM pa3baBIeHHOH a30THOI KHCIIOTHI IPH HarpeBaHWM ¥ IO
JABJIICHHEM BO3MOXKHO 3aMEIICHHE BOIOPOJA B YIVIEBOJOPOAaX Ha OCTAaTOK
a30THON KUCIOTHI — NO; (HUTpOrpynmy):

H_;C““H‘*‘ HO*NO; ""'""'""?7" CHEHE‘-FO;; + HQO
MemdH HUMPOMEMUH

1.2.2. Peaxkuuy paciienyieHust

[Ipy HArpeBaHWU AIKAHOB B IPUCYTCTBHMH KATAIU3ATOPOB MOXKET NPOUCXO-
JIATH OTIIETUIEHHUE BOJOpOaa ¢ 06pa30BaHUEM HEIIPENENbHBIX YITIEBOIOPOHOB:

Cf" 30* :
C,H,y —> C,Hg+ H,

6yman 17 Gymen

[Ipn BBICOKOI TEMIIEpaType BbHICOKOMOJICKYJIAPHBIE YIIEBOIOPOIBI pac-
wernsores  Ha  bosiee  npocTeie  YIIIEBOAOPOIBI (mpenenbHBIE W HEIpe-
JICNILHBIC):

°, P
Coptlyy =2 CpHyy + CroHyg

1.2.3. Pearkuny OKUCJIEHUHA

[Ipu oObIYHON TemIepaType IpeleibHbie YTJIEBOAOPOABl YCTOMIUBBI K
JNEHCTBUIO Na)Ke CAMBIX CUITBHBIX OKHCIUTENEH,
Ha Bo3jyxe mNpelelbHBIe YIIEBOLOPOALL TopaAT ¢ 00pa3oBaHHEM [U-

OKCHJIa YIIepoaa U BOIBI.
CH, + 20, —= CO, + 2H,0

[Ipy KaTaTUTA9eCKOM OKHCIICHWN U CPaBHUTENILHO HEBBICOKHX TeMIIepa-
Typax BBICIIHE YIIeBOJOPOAbl 00pa3yroT KHCIOPOACOAePKAIHe COSUHEHHA
(crpThI, KUCJIOTEL):

0 0
[O] // /
CH;— (CH,),— CH; 7 CH; — (CH,), mc\+ CH;~ (CH),~C — OH
)
OH

rae Y Oossme X H O0JBINE N.
10

1.3. CrmocoOb1 moTvaenns ajIKaHoB
Haunbonee pacripocTpaHessr crenyromue criocofhl MOTyYeHus ATKAHOB.
1.3.1. BoccraroBienne rajloreHIpoR3BOIHBIX

lIpH 3aMeIueHur aTOMOB TaloreHOR B MOJEKYIax OpEeNENIbHBIX TaJOreH-
[TPOM3BOIHEIX HA BOJOPOA 0OPA3yIOTCs MpeesbHblE YIIeBoA0pousL. ITo sTomy
CTIocO0y HOJNYYArOTCH YITIEBOAOPOIBLI ¢ TEM e JHCIOM YII€POIHBIX ATOMOB,
Kakoe DBLIO B MCXOIHOM TajioreHnpoussonnoM. Haubonee YIOOHO neicTBHe
BOZIOpOZa B MOMEHT BBIACNCHUS MIH MOAMCTOBONOPOMHON KHMCIOTHI HA HO-

[TPOU3BOAHBIE!
Yt
RH + HJ

yanegooopoo

'jﬁéRH+é

yenegooopoo

R

1.3.2. Ilosryyenne u3 opraHuYeckKux KHCJIOT

Opranuveckue kapGOHOBEIE KHCIOTHI B PA3INYHBIX YCITOBHSIX MOTYT pas-
JlaraTbCs ¢ 00pasoBaHieM NPeaeNbHOTO YITIEBOIOPONA 110 06IIel cxeme:

el
O
!

e
| I

R—ELC r—— R~ H+ CO,

L |t yaregooopod

iOnLH

KUucioma

1.3.3. CunTes Bropua

[Ipr B3aMMOIEHCTBHM rajlOre HIPOU3BOMAHEIX ¢ METALTHYECKIM HaTpHeM
00pa3yroTCs IPeENbHBIE YITIEBOAOPOIE].

R—Cl+2Na+Cl-R' —=>R—-R+R~R' +R’' =R+ NaCl

M3 cMmecu ABYX raloreHIIPOM3BOIHBIX 10 peakunu Bropua Bcerna obpa-
3YCTCA CMECh TPEX YIIICBOLOPOIOB, KX /BIH M3 KOTOPBIX CONEPKHUT GOJbIIee

THCIIO YITIEPOOHBIX ATOMOB, HEM UCXOIHBIE rafloOreHnpoOu3BOOHELIE.
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2. JKCrepUMeHTanbHas 4acThb

2.1. Ilonyyenre MeTaHa ¥ H3y4YEHHE ero CBOMCTB

B cyxyio mpobupky, cHabxeHHYI0 IpoOKOH ¢ razooTBOAHON TPYOKOIA,
[IOMECTHTE CMeCh M3 00E3BOXKEHHOrO aleTaTa HaTpUs U HATPOHHOM HM3BECTH

(npumepHo 1:2). Vkpemute nmpoGHpKY TOpU3OHTAILHO U HATpeliTe CMECh B
TJIaMEHH TOPEeJIKH.
XHMH3M Ipouecea:

CH; COONa+ NaOH —> CH T + Na,CO,

[lomoxrure BHIICHSFOMMUICA ra3000pasHEli METaH Y KOHI@A ra300TBO HOMN
TpyOKH. MeraHn ropur romy60oBaThiM HECBETALIMMCA TUIAMEHEM.
XHMH3M npouecca:

CH;+ 20, —> CO, + 2H,0

Haneiire B opny mpo6upky 1-1,5 MJI MOOKHCIEHHOTO PAcTBOpPA MEPMAH-
raHata Kanwsd, a B ApYrylo — Takoi e o0seM OpoMuol Boasl. Bulaensomuiics
METaH IOCAENOBATCIBLHO TMPOIYCTHTE YEpe3 PacTBOpP IIepMaHTaHaTa Kajius U
OpomHyro Boxy. ObecnBeunBaHUs pacTBOPOB NEpMAHTaHATa KAIUS U OpoMHOII
BOIBI HE NPOUCXOIUT. B OOBIYHBIX YCHOBMAX alIKaHbl YCTONUMBEL K HEHCTBUIO

OKHCIIUTENEH.
2.2. bpomupoBanue npegeJbHLIX YI/IEBOJ0POIOB

B cyxyio npobupky rnomecrure 4 Kamiy CMECH XHIKUX alKaHOB M [0-
OaBbre 1-2 xammm pactBopa 6poma. CopmepkuMoe MPOOGHMPKH TepeMernaiire.
Oxpacka OpoMa Ipu 3TOM He HCYE3AET.

Harpelite comepkuMoe NpOOMPKH IO HCYE3HOBEHMS OKpacku. B OT-
BEPCTHE NPOOUPKH BHECHTE CTEKIMHHYIO ITAJIOUKY, CMOYEHHYIO PacTBOPOM
aMMuaxa. llosBisercs Oemsiii neiMox NH Br. ITuHnieroM BHECUTE B TPOGHPKY
CHHIOIO JIAKMYCOBYIO Oymary, cMoueHHyI0 Bomoil. Jlakmycosas 6ymara kpac-
HEET, Tak KaK peakiysi OpOMUpPOBaHHS KAAKHMX AIKAHOB CONPOBOXIAETCS BhbI-
JIeJIEHHEM OPOMMCTOTO BOIOPO/IA.

XHUMH3M npouecca:

Br
|
CHS—’CH“CHE“CH3+BFE __%'CHj—C—“CHE—CHj'{“HBF
| |
CHE CH3
2-memunbyman 2-bpom-2-memunbyman

2.3. deiicTeHe KOHIOECHTPHPOBAHHON CEPHON KHCI0THI
Ha NpefebHbIE YIIEBOAOPOIBI

B npobupxy momectute 2 xamu KHAKOTO allkaHa | 2 KaIllH CEPHOM Ku-
cnotel. Comepxumoe npoSupkH JHCPIHIHO nepemerranTe, oxnamaas npobup-
Ky NMPOTOYHOH BOJOM. B yenosmsx ormeira ankansl ¢ cepﬁc:ﬁ KHCIIOTOH He pea-
rHpyIoT. ConepiuMoe TpoGHPKH cierka Harpewre. [Ipu vebonbmom Harpegra-
HHU ZILIMATIAS CepHAs KHCNOTa o6pasyeT ¢ alIkaHaMH, CONepKaluMH TPETHY-
HbIA dTOM YrJIepoaa, Cyiib(hOKHCHOTE,

XHUMU3M NMPoLecca:

CH_} CH3

I . |
I I r
CH; “71{{_ * HO -+ SOGOH =3 CH;~C ~SO,0H + Bl
rrrrrrr '

(IZ’H_? CH,
|
CH 3 : CH 3
2-Memunbyman cyrbghoxucnoma

2.4. OkHcIeHHe NpegebHbIX yraeBoaopoaos

B mpoGupky nomecture 1 kammo HCCIIEAYeMOTro alikaHa (Miid CMecH aji-
KaHOB), | xammo pacTBopa KapOoHaTa HaTpusa u 2-3 Karm pacTBopa nepMas-
ranara xaymus. Cogepxxumoe NPOOUPKY YHEPIHUIHO nepememante. Muoneropas

OKpPAaCKa BOJHOIO ClOg He H3IMCHACTCH, TaK KaK aJKaHBI B ITHX VCIIOBHIX He
OKHCITAOTCH.

Konrpoabusie Bompocsr

1. Kakue yrneBonopoms! Ha3eBaoT HACBIMEHHBIMMY, WIH IPENEIbHLIMUAY

2. Yto Takoe roMomoruueckuii pan? KakoBa roMonormieckas QopMmyna
NPENENBHBIX YTIIEBOHOPOIOR?

3. Kakne BemecTBa HasbIBaroTCs u3oMepamu? Kakoit Bux usomepru Ha-
3BIBAOT CTPYKTYPHOM?

4. Kakue atoMsl yriaepona HasbiBamoT TICPBUTHBIMM, BTOPHYHBIMH, Tpe-
THYHBIMH? Hamumure dopmynsr COCOMHEHHH, CONEPKALIMX YKA3aHHLIE aTO-
MBI YIJIEpPO/Ia,

5. Chopmynupyiire 0CHOBHBIE npaewuna Mexayraponnoii HOMEHKIATYpBI
JUIA IPEIENBHBIX YITIEBOI0POJIOB.

6. XuMudeckne CBOMCTBA U CHOCOGE] NONY9CHHS MPeIeNbHBIX VITIEBOIO-
pOLIOB.
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NabopaTtopHas pabdota Ne 3
HEMPEOEJIbHBIE YITIEBOLOPOAbI PALA 9TUINEHA

Lear paboThi: NONYYEHHE HENPENENBHBIX YIVIEBOIOPOIOB H H3VUCHHE
WX CBOUCTB.

1. TeopeTnyeckas 4acTthb

1.1. Crpoenne. Usomepus

YTieBOOOpOaEl pAda dTUIEHA COOEpKaT B cebe OlHYy ABOHHYIO CBA3L Me-
KIY OBYMSI COCEAHUMH aroMaMu yrnepoga. [1o HasBaHuio npocTediuero npeji-
CTaBUTENSA (ITHJIEH) YIJIEBOAOPOABI ATOTO pAla HA3bLIBAKOTCA STHICHOBBIMH.
OHU HOCAT €lLIe Ha3zBaHuUE OMC(PHMHBI, a M0 MEXIYHAPOAHONH HOMEHKIATYPE —
ankensl. Obmmas popMyna roMoJI0orudeckoro pana aakenos C,H,,.B npocTei-
[eM ajkeHe n = 2. 210 atuiien C,H .

I anKeHOoB HaApAy € H30MEpueld YriiepoJHOM LENM, Kak U Y aJKaHOB,
elle XapakTepHa W30MEpHs TOJIOKEHMS JBOMHON cBasu. Hanmuume gpoiHOMN
CBA3U B aJIKEHAX W €€ Xapaxkrep 00yciaBiavBacT IMOABJASHME HOBOI'O BUIAA U30-
MEpHH, He HalroAaeMoro y ajikaHoB. B Mollexynax aJiKaHOB OJUHApHAsS CBA3b
MEXIY YIICPOAHBIMA aTOMaMH AONycKaeT CBOOOJHOE BpalICHUE OTACIIBHBIX
3BEHLER VIVIEPOOHOMN LEIU. B 3TUIGHOBBIX XK€ YIJIEBOIOPOAAX MO MECTY ABOM-
HOW CBS3U BpalliCHUE HEBO3MOXHO. 1103TOMY BOAOPOAHBIE ATOMBI M I'PYILILI
aTOMOB y KpPaTHOM CBS3Y B MMPOCTPAHCTBE MOTYT ObITH PACHOIOKEHBI pa3ying-
Ho. [Ip® 3TOM BO3HHKAIOT MPOCTPAHCTBEHHDLIE, WIH I'EOMETPHYECKIAE U30MEDHI,
WHA4Y€ HA3bIBAEMBIE LIMC-, TPAHC ~-U3OMEPaMH.

HzomMepus, kOTOpasd OCHOBaHA Ha PasjIMYHOM MPOCTPAHCTBEHHOM pacIio-
NOKEHUW aTOMOB WIH TPYII IPH aTOMax, COEIWHEHHBIX IBOWHOU CBA3BIO,
Ha3bIBAETCS TEOMETPHIECKON U30MEPUEH.

1.2. XuMHE9YEeCKHe CROHCTBA

XHUMHAYECKHAE CBOWCTBA 3TWICHOBBIX YIJIEBOIOPOAOB OIPEHCIAIOTCA Ha-
nu4ueM ABOWHOM cBA3U. Ui STUNEHOBBIX YIIIEBOAOPOJOB XapaKTepHbl peak-
OWA TIPUCOEIUHEHUS, OKUCIICHUA, TIOJIUMEPH3aL|H.

1.2.1. Peakuuy npucoeinHeH st

Bce peakupy IPHACOEOMHEHUS HOCAT 3NMEKTPOMOMIBLHBINA Xapakrep U IpH-
BOIAT K 00pa30oBaHUIO NPENEIbHBIX COSIUHEHMIA.

Ilpn mpricoenHEHNW K aJIKEHaM TI0 MECTY IBOMHOM CBS3H BOJOpPOJa B
[IPUCYTCTBUM KAaTaJIU3aTOPOB 00pa3yroTcd ajlKaHkbl:

Ni
(ljﬂwﬁuﬁﬁ' EE C;hﬁwﬂ

CUIKEH CIKAH
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TaKoke OPOHCXOIUT NPHCOEAHHEHHE FATIOTEHOB 10 MECTY JBOMHOMN CBSI3M
¢ 00pazoBaHyeM JUTATIOTE€HIIPOM3BOIHBIX IPEAEIBHEIX YITIEBOAOPOIOB:

i Gl

| |
CH_T} ﬁCH; + Cl - Cl ——-—:-?"CHQHCHQ

SMen 1, 2-0uxnopsmarn

Ilpu B3aHMOACHCTBHH aJIKEHOB C raJlOr€HOBOAOPOJAMH 00pa3yIoTca Mo-
HOraJIOreHIPOU3BOAHBIE ATKAHOB!

Cl

R
v | |
CHQ:EH*CH3+HQJ ““"%CH_:,'—CH“CH_;
Wi s
nponen 2-XN0OpRPONan

[TpucoenpHenvie raJoreHOBONOPOAA K FOMOJIOTaM THIEHA IPOTEKAET 10
nmpaBuily MapKoOBHUKOBA.

1.2.2. Ilpucoenuuenue BOAbI (Peakuusi ruapaTanny)

B 0ObIYHBIX YCIOBUAX aJIKEHBI HE PEardpyioT ¢ BOIOM, HO NpH HarpeBa-
HUM B TIPUCYTCTBUM KATAIU3aTOPOB 2JIEMEHTHI BOJBLI (BOJOPOI W I'MAPOKCHN)
MPUCOEIMHAIOTCA K YTIIEPOAHBIM aTOMaM [0 MECTy IBOHHOM CBA3H ¢ 06pazo-

BaHWEM crupToB. C romosioraMy STHIEHA peakiys NPOTEeKaeT 110 IpPaBHILY
MapkoBHHMKOBA.

CHQ A fof CH_?
| + xamanusamop |
CH w<5== gH > CH - OH
| |
CH; CH;
HpONLIEeH 2-NpPOnanon

1.2.3. Peakuuy okMcIeHUsd

B 33aBHCHMOCTH OT YCIIOBHI HETPENenbHbIE YITIEeBOI0POHEI OKACITIOTCH B
pasnu4HOM creneHu. llpu oObraHO# Temmepatype OKHCIEHHE IPOTEKAET II0
MECTY ABOMHOM CBA3H. llpwm neiicteum paszbasnenHoro pactsopa KMnO, obpa-
3YIOTCS IBYXaTOMHbIE CIMPTEL — ITHKOJIH.

lpn nmevicreum KMnO,; ¢ H,SO, Ha alKeHbl MPOMCXONHT Pas3phlB yIyle-
POMHOH ETH 110 MeCTy JIBOWHOH CBA3M ¢ 06pa3zoBaHmueM KHCIOPOIHBIX COE/IH-
HEHUU — KACJIOT KA KETOHOB, WU UX CMECH:
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CH;

| 0 O
CH 4[0] i !

] > CH;~C + CH;—~CH;~C — OH
CH l

| OH

CH - CH; VKCycHas MPONUOHOBAA
2 menmen KUCIoma KHCnoma

1.2.3. Peakuus nojimmMepusanuu

[ToMMepHU3aIus — IPONECC NMPUCOSAMHEHUS MOHOMEPORB APYI K IPYTY C
oOpa3oBaHHEM HOBOTO, 3HAYUTENHHO O0siee CIIOKHOTO BEMIECTRA, HAIPHIMEP:

HCH_?:CHQ >’ ...“CHE—CHQ—CHQ"“CJT]I;“...
FMUIEH ROAUSTRUTEH

1.3. Cniocobn1 nonyaenns

OneguHel B Ipupone B CBOOOOHOM COCTOSHUM BCTpedaroTcs penko. Pac-
CMOTpHUM HauboJiee pacpocTpaHeHHbie 1abopaTopHbIe CriocoObI,

1.3.1. Jernaparanusi CHHPTOB

Ilpn medcTBHAM pasiIMYHLIX BOAOOTHUMAIOUIMX CPEACTB Ha ONHOATOMHBIE
CITMPTEI [IPOUCXOJMT OTILEIUIEHHE MOJIEKYJTBI BOIBI.
Peaknysi MpOTEKaeT 10 NpaBUILy Jaiiena:

CH; CH;
R |
CH+OH! o CH
| v, HLSO
| "> | +HO
CH~+H | CH
| = |
CH3 CHE
2-bymarorn 2-bymenr

1.3.2. OTmenjiedue rajoreHoBogopoaa
OT MOHOTAJIOTeHIIPOM3BOAHBIX AJIKAHORB

Iipy HarpeBaHUH MOHOIAJIOrEHIPOH3BOAHBIY CO CIHMPTOBBIM PacTBOPOM
INEJ0YH MPOUCXOOUT OTHATHE OT WX MOJIEKYJ raJIoreHOBomopona. B atoi pe-

aKLUK TakKe MPOSBISIETCA IPaBWIO 3aliiena:
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| KOH 5
CHs — C— CH~ CHy g =o2>CHy — C = CH — CH; + KCI + H;0 |
r===f- | |
E Gl ]’ CH3
2-XN0p-3-Memunoyman 2=-MeMUn-2-6ymen

2. SKCrepuMeHTanbHas 4acTb

2.1. lloayvenne 3THIIeHA B H3yYeHHE €TI0 CBOMCTB

B cyxyto mpobupky momecTaTe 2 MIT ITHIOBOIO CIHPTA, 5-6 Kameih KOH-
LICHTPUPOBAHHON CEPHOM KMCIIOTHI M BCHINBTE IIETOTKY TIecKd. 3akpoifTe mpo-
OupKy npoOKoi ¢ razooTBONHON TPYOKOH M OCTOPOXHO Harpeiite npoOHApKyY ¢
PEaKIMOHHOH CMECHIO Ha IUIAMEHM CIHPTOBKH. BhIIEAOMMANCS Ta3 MOL0KIUTE
Y KOHLA ra300TBOHON TPYOKH — OH rOPHUT CBETAMIUMCS IIaMEHEM.,

XHUMH3M Tpouecca:

ﬂﬂﬂﬂﬂﬂﬂ 1

CH; — CH, - O\H + HO\ - SO;HE&==2 CH; —~ CH;— O~ SO;H + H,0
heamasa ‘ IMUNCEPHAI

Kucioma

JTUNICEPHAs KUCJIOTA — MOHOI(HD HEOPraHWYeCKOH IBYXOCHOBHOM KH-
CJIOTHI — [IPHA HArPEBAHHM Pa3jlaraeTcs:

£ CH Z
I : i > I | + H QS O-‘f
CH, ~0SO;H CH,

B s o ey dww e

Taknm obpasom, Mpu B3aHMONEHCTBMYH 3THIOBOTO CIHPTA C CEpHON Ku-
CJIOTOH NMPOMCXOMUT AETUOpaTAIis CIHPTA;

H H H H

| ]
H-C-C~-H—=>H-C=C-H+ H,0

s

H OH

o Emm ey N e RRS A

Herunparaius COMPTOB ABILIETCS O6IMM CriocofoM ToNydeHus Helpe-
IENbHBIX YIIEBOJOPOAOB.

2.2, Illpacoeanuenue K 3THIEHY OpoMa

He npexpamas narpesanus npoOUpKH €O CMECHIO CIUPTA M CEPHON KuC-
noThL (CM. 2.1), omycTuTe KOHEIN ra3o0TBOAHOM TpyOKHM B IPOOMPKY ¢ 5 Kar-
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nisMu OpoMHON Bombl. bpoMHas Boza ObicTpo obDeciBedHMBAETCS BCISNCTBHE
NPHCOEAMHEHU aTOMOB OpoMa 110 MECTY IBOMHOH CBA3M.
XHMM3M mporecca:

CEIT;; Za CH; “{“BFE% CH;'— CH;

| |
BF Br

[,2-0ubpomsman

Peaxims oOeclBeUHBAHUA BOAHOIO pacTtBopa OpomMa CITYXHT KadeCTBEH-
HOM peaklyueil Ha TBOWHYIO CBA3E.

2.3. OrHolmIeHye 3 THJICHA K OKHCIHTEe IS M

He mpexpainas HarpeBaHua NMPOOUPKU CO CMECHLIO CIMPTAa U CEPHOM KHC-
oTHl (¢M. 2.1), OIyCTUTE KOHEL ra300TBOLHOM TpyOKM B OpoOMpPKY ¢ 3 Kam-
JIIMHU pacTBOpa NepMaHraHarta Kaimug. PacTBop nepMaHraHarta Kajius OBICTPO
obecnpeunBaeTcs. [Ipy 3TOM aJKeH OKUCIAETCSA B IBYXaTOMHBIN CITHPT.

XHUMU3M Tpoiecca:

CH,=CH, + [O] + H— OH— CH, - CH,

| |
OH OH

SMUNEHTITUK OB

DTa peaknns sSBISIETCA Ka4eCTBEHHOM peakiueil Ha NBOWHYIO CBA3b.
2.4. bpomupoBanue HenpeaeJbHbIX YIIEBOAOPOIOB

(O1BIT MPOBOIAT B BRITSHKHOM IKady!)
B cyxyio npoOupKy MoMecTUTe 1 MJI CMEeCH JKUAKUX aJKEHOB, N00aBbTE

1-2 xarmm pacTBopa GpoMa U mepeMeniaire cMech. ECaum kenras oKpacka He
MCue3aeT, TO CMeCh HarpeBaiiTe JO MCUE3HOBEHUs OKpacku. B mpoOupKy BHE-
CUTE CHHIONO JIAKMYCOBYIO Oymary, IIpeIBapUTeNbHO CMOYEHHYIO BOioH. LiBeT
TAKMYCOBOM OyMaru He U3MEHIETCH.

XuMH3M mpoiecca:

CH;

|
CHj—"C:CH‘*CHg +Br2'_>’CH3“CFCH"CH3

| |
CH_; Br Br
2-memun-2-0ymer 2,3-0ubpom-2-memunbymar

2.5. OkucaeHne HenmpeAeJbHbIX YIJICBOAOPOIOB

K 1 Mn uccinemyemMoro BemecTBa H00aBbTE CHadalla paBHBIA 00BEM pac-
TBOpa KapOoHaTa HaTpus, a 3aTe€M IPH CWIBLHOM B30AITBIBAHMM 2-3 Karlid
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pacteopa KMnO,. DHONETOBEIN 1IBET MCYE3AET U MOSBIACTCS KOPHYHEBAS OK-
packa oT obpasoBasierocs oxkcuna mapragna (IV).
XUMH3M Ipoiecca:

OH OH
]
CHj - (]Z' =CH-CH; + [O] + H,O0—=>CH; - C - CH - CH,
|
CHj CH?
2-memun-2-oymen J-memun-2, 3-0ymanouo

Peakupsa OKHCIEHMS alKEHOB DPACTBOPOM N€pMaHraHaTa Kaius B Hel-
TPAIBHOM HITH LICTOYHOM BOAHBIX PACTBOpPAX CIYKHT B KAYECTBE aHAJHUTHYE-
CKOM peakIiy Ha JBOWHYIO CBSI3b.

KonTtpoasubie Bonpockl

1. Kakue yrieBo opo/isl Ha3bIBAIOT HEHACHINICHHBIMU?

2. Kaxoii cocras 1 kaKylo CTPYKTYpHYIO (POPMYJTY HMEET STHIEH?

3. Kaxoro Tuma peakuuu XapakTepHel JUIT HEHPEIeNhHBIX YTJIEBOIO~
ponos? IIpuBeauTe IPUMEPHI THX PEAKIIHIL.

4. Ilpusenure mpuMephl Ta6OpaTOPHBIX CHOCOGOB IONYUEHUS ITHUICHO-
BEIX YIJIEBOJIOPOIOB.
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JNlaboparopHas paborta Ne 4
HEMPELOEJIbHbLIE YITIEBOOLOPOObI
PAOA ALUETUNEHA

Hens paborel: ITOJydIeHNE alETHIICHA U H3YUEHUE €I'0 CROUCTB.
1. TeopeTuyeckas 4yacTtb

1.1. Crpoenune. Mzomepus

AUETWIEHOBBIMH YIJIEBOJOPOJAMH HAa3bIBAOT HENpPEeNe/bHBIE YITIEBO-
IOPOJIbI, B MOJIEKY/IaX KOTOPBIX UMEETCA TpOHHAs CBA3h MEXAY YITIEPOIHBIMH
aToMamu, T.e. rpymrmupoBka — C' = C —, CocTaB KaKI0ro 4JeHa roMonoruye-
CKOro psia aleTHIEHOBBIX YIIIEBOIOPOI0B MOXKET OBITH BRIpaXKeH 00mel 3mM-
nupudeckoil popmynoil C,H;,.,. IlpocTediuuM WIeHOM 3TOTO pAna ABISETCH
YIJIEBONOPOI aleTUieH cocraga C,fH,, CTPOCHHE KOTOPOIO BHIPAKAIOT CTPYK-
TypHas ¥ YyIPOUIEHHas CTPYKTYpHas (pOpPMYyJIbl :

H-C=C-H U CH =CH
ayemusien

["oMoOmnory aueTuieHa MOXHO paccMaTpuBaTh KakK €ro NMpou3BOJIHBIE, 00-
Pa30BaBLUIUECH B PE3YJILTATE 3aMELIEHMs] OQHOTC WK 000OUX aTOMOB BOAOPO/Ia

B MOJIEKYJIE allETHICHA Ha YITIEBOAOPOAHBIE paluKaIbl.
B0o3MOXHO IBa THUIA AlEeTHWIEHOBAIX COENIUMHEHUN:

R==CH U RelC=l « R
1 7

B coenuHeHUAX IEPBOTO THITA NIPH YIVIEPOLE C TPOMHOHN CBA3LIO UMEETCS
BOAOPOJ, B COEAMHEHUAX BTOPOIrO THIIA IIPH aTOMax yrijiepoaa ¢ TPOUHOM CBA-
3bI0 E€I'0 HET.

M3oMepHusa alleTHIEHOBBIX VIVIEBOIOPOIOB OOYCIOBIEHA H30MEpHel yr-
JIEPOIHOIO CKEJNIETa M U30MEPUEH IOJIOKEHUS KPATHOM CBA3H.

CH=C-CH,-CH, CH,-C=C-CH,
I - 6ymun 2 - bymuH

1.2. XuMuuyeckue CBOMCTRA

ALETHIEHOBBIM YITIEBOAOPOLOM, TaK XK€ KaK W 3THICHOBBIM, CBOUCTBEH-
Hbl peaklWH TNPHCOCIHHEHHA MO MECTY KpaTHOU CBA3YW, B HAaHHOM CIly4ae
TPpOUHOM. Peaxiiiy NPUCOEIHHEHHA 110 MECTY TPOMHOM CBA3M UAYT CTyIlEHYA-
TO: BHaJdajie TpOMHAs CBS3b pa3phIBaeTCsd, NpEBpallasck B ABOMHYIO, H 00pa-
3VIOTCS TPOU3BOMHBEIE JSTWICHOBBIX YIVIEBOIOPOHNOB; 3aTEM pa3peiBacTCad H

20

TBOHHAA CBA3B, NPEBPAINAACE B MPOCTYIO ¢ 06pa30BaHMEM MPOH3BOIHLIX Ipe-
HEIBHBIX YTIEBOAOPONOB. [Ipu 3HEPrHYHOM XAMWYECKOM BO3HEHCTBUU BO3-

MOXKEH pacnal MOJEKYJ C paspblBOM YITIEPOJHOW LENd 110 MeCcTy TpOHHOMU
CBA3H.

1.2.1. Peakuny npHcoe nHEHHS

ALETHIEHOBLIE YTJIEBOJOPOILI BCTYIAIOT B PEAKLIMH IIPUCOSTUHEHHS KaK
C IIPOCTBIMH, TaK ¥ CIOKHBLIMHU BEIIECTBAMH.

lpucoeounenue ¢odopoda (peaxyus zudpuposanus). B mpHCyTCTBUM
KaTaIH3aTOPOB alleTUIICHOBBIE YTIIEBOLOPOABI IPHCOETHHAIOT IO MECTY TPOH-
HOH cBsA3u Boxopon. Ilpm sTom BHavane oOpasyercst ITHISHOBEIM, a 3aTeM
peeibHBIH YIJTIEBOI0POL,

R | e
CH N CH, N CH;
ayemuney 3Mmuien 2HIAH

llpucoedunenue zanozenos. Ilpu B3aNMONEHCTBHY ALIETHIEHOBBIX VIJIE-
BOZOPOAOB C TAIOreHaMH NOCHCIHWE NPUCOCHMHAIOTCS [0 MECTY TPOWHOH
CBA3H. Peakiya ¢ 6poMOM MOXeT OBITh HCTIONB30BAHA KAK KAYECTBEHHAS pe-

aKI|s Ha TPOHHYIO CBA3B; B pe3ysbTaTe peakuuu Oypas okpacka 6poma M
€r0 PacTBOPOB HUCUYE3AET:

CH CH — Br CHBr
B b
|| —22 Ty |
CH CH - Br CHBr
ayemuien [,2-0ubpomamen 1,1,2,2-mempabpomamarn

lIpucoedunenue 2a102¢n08000p000g. TIpUcoeIUHEHHE TANOIEHOBOI0-
POIOB TAKXKE MPOTEKAET CTyIeHYaTo. [Ipu peakuuax ¢ aleTHICHOBLIMH yI-
JIEBOAOPONAMH, TTOCTPOCHHBIMH 10 TUIY R — C = C — H raioreHoBOIOPOL
[IPUCOCNUHACTCS B COOTBETCTBHH C NMpaBwiioM MapkoBHHKOBA B 00eux cTa-
IUAX:

HCI HCI
CH_:;—CECH_'% CH;“CECHQ_%’ CH_;—C—CH_:;
| /|
Cl cl (i
NPONUH 2-x0pnponex 2,2-0wxnopnponan

Ilpucoedunenue ¢odvl (peaxyua zudpamayuu). IIpucoenUHeHre BOMILI
(peaxmms KydepoBa) NPOMCXOMUT B NMPHUCYTCTBHH CONEH PTYTH (1I) B cepno-
K¥YICIIOM pacTBOPE MO MECTY TPOHHOM CBA3M;
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e i

CH; CH, CH;
| | |
HOH UBOMEeDU3AY
C L C—OH / C=0
T 150, ] w}ﬂ
CH | CH, CH;
HPE?HHH 428 2 Ay EMOH

Taxum obOpazoMm, B pesynbTare peakid o0pasyercsa COeNUHEHHE C Kap-
OOHWJIBHOH IpyIIoHd. B 9aCTHOCTH, H3 alieTHIEHA MPY THApPATALAH NOydaeT-
Csl YKCYCHBIM aIbJIEr ]I,

1.2.2. 3amMenenre BOAOPOAA NPH aTOMAX yrepoaa
C TPOHHOM CBA3LI0O HA METAJI

OTnuunTeTbHON 0COOEHHOCTHIO AlIETHIEHOBBIX YITIEBOIOPOIOB ABJISETCH
[MOJIBIDKHOCTE aTOMOB BOJOPOJa, COENHHEHHEIX ¢ YINIEPOAHBIMHA aTOMAMK IIPHU
Tpo¥iHO# cBsa3u. [lon BiUsHHEM TPOWHOW CBA3M aTOMBI BOAOPOAa NMPOSBISIOT
CoCOOHOCTh 3aMernaTecsa Ha Metaut. [lpu 3ToM 00pasyroTes MeTaudecKkue
MPOU3BOAHEIE — aleTUNeHUIbL [Ipu B3auMOAEeHCTRMM aLETHIeHa ¢ aMMHpay-
HBIM pacTBOPOM OKCHIa cepebpa oOpa3yercs )eNnToBaThIM 0CaloK aleTHIICHW-
na cepebpa.

Ag_gO

HC=HC NH,OH

> Ag—-C = C—-Ag+ H,0

ayemuieH ouayemuieHuo
cepebpa

CoenuHenus tuna K — C = C— R, He UMerIIKe BOAOPOAa NIPU TPOHHOM
CBA3Y, alIeTWIEHHIOB He 00pa3yior.

1.3. CnocoObI moJryYeH s AlleTHIEHOBBIX YIJIEBOJAOPOJOB
1.3.1. Ormenyiegye raJloreHoOBOAOPOAa OT JHIAJIOreHIPOU3BO/AHBLIX

B HCXOMHOM AUTajOTeHMPOM3BOIHOM aTOMBI TaJIOTeHAa MOryT OBITH pac-
TTOJIOXKEHb! MO0 NpX OJHOM M TOM Xe YIJIepOAHOM aToMme, Jibo Npu ABYX
pa3JIMYHLIX, HO 00SA3aTeNbHO COCENHMX YINIepOJHbIX aToMax. Ilpu meicTBhm
COIMPTOBOTO PACTBOpPA HIEJIOYM HA MUTAIOTEHIIPOU3BOIHBIE IIPOUCKOIUT OTHS-
THE ABYX MOJIEKYJ TaJIOr€HOBOIOPOa: |

B s
F B e —>CH, - C = C-CHj

N cnupm. p-p.
. CI H 2-6ymun

2, 3-0uxnopbyman
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1.3.2. leficTBHe raJIOreHNPON3IBOAHELIX HA ANETHIEHHIBI

DTOT METOJ, ABJIAETCH YIOOHBIM A NOMYYESHHS TOMOJIOIOB AlleTHIEHA U
NaeT BO3MOMKHOCTE IEPEXOJNTh OT IIPOCTHIX AUETHICHOBLIX YTJIEBOJOPOIOB K
DoJIee CIIOXKHBIM.

CH;~C= C-Ag+J~CH; —>CH;—C= C—~CH;+ AgJ

2. JKCnepuMeHTanbLHas 4acThb

2.1. lony4enne aneTn/ieHa  ero ropeHue

Paboty ¢ aueruneHoM HeoOX0IUMO IPOBOMUTE B BEITSKHOM MKady, Tak
KaK HCOYHMIICHHBIY AlETHIICH, MOJNYYCHHRIH M3 KapOuna KanbLus, CONEPKUT
BpeHbIE, HETIPUATHO NAXHYIIUE MPUMECH.

B npobupky nomectuTe MaNeHbKEI KYCOUEK KapOuna KalbIus, 100aBhTe

2 Kamimy BOABI W 3aKpoliTe npoOupKy NpoOKoi ¢ razo0TBoAHON Tpy6Koit. Uro
Habmonaere?

XHMH3M Npouecca:
CaC; + HOH——>HC = CH + Ca(OH),

Ilonoxrure aneTuneH y KOHL@A ra3o0TBONHOM TpyOku. OH ropur cBeTs-
LIIAMCA, KONTAUIAM TLTaMeHEM.

2.2. llpucoennuenne K ameTHJaeny 6poma

JHobasere B mpobupky ¢ xapbunomM xaneims (cM. 2.1) emé 2 Karut| BOIbI
M 3aKpOHTe ee MPOOKOH ¢ raso0TBOAHOMN TPYOKOM, KOHEN KOTOpOi OIYCTHUTE B
mpobupky ¢ 5 karmmaMu OpomHO# Bojasl. BpoMHas Bonma obecimeduBacTcs
BCJICICTBHE MPUCOENUHEHNA aTOMOB OpOMa 110 MECTY TPOMHOM CBSI3H.

XUMH3M Npouecca:

CH = CH + 2Bry——> Br;HC <= CH Br;
1,1,2,2-mempabpomoman

2.3. OrHOomieHHe aeTH/IEHA K OKHCIRTEIIM

B npobupky nomecture 5-7 kamenb NepMaHTaHATA KajJHMsd U [POMYCTHTE
TOK aueTuneHa (cM. 2.1). Po3oBalii pacTBop OBICTPO 00eCIBEYMBACTCS: IPOYIC-
XOHHUT OKHCIICHHE ALETWIEHA MO MECTy pasphlBa TPOHHON CBA3M ¢ 0Opa3ona-
HHEM NPOMEXYTOYHOIO NPOAYKTA OKHUCIIEHUS — MIABEIEBON KUCIOTE, KOTOpas
OKHCIIACTCS Jajblne a0 okcuaa yraepoja (IV) u BosL

XHMH3M npouecea:

4/0
CH = CH [ ]:"HO—C—C“OH%' 2C0, + H50

|
O O

wasenesas Kucioma
23




ObecupeuynpanieM OPOMHOMW BOIBI M pacTBOpa MepMaHraHara Kalusd J0-
Ka3bIBAETCS HEIPEIEIBbHOCTh alle THICHA.

2.4. O6pazoBaHHe METAJIHYECKHX MIPOU3BOAHBIX AETHIICHA

B npoOupky BHecHTe 2 Karuld pacTBopa HUTparta cepeOpa M npudasbTe
] KarUmo pacTBOpa aMMHaKa — 00pasyerca ocajok IHapokcuaa cepebpa. llpu
nobapnenuy 1-2 xarm pactBopa aMmmuaka ocanok AgOH JIerko pacTBopseTes
¢ 00pa3OBaHHEM aMMUAYHOI0 pacTBOpa Okcuaa cepedpa.

Peakuys MpoOTEKAET IO CNEAYIOMM YpaBHEHHSIM:

AgNO; + NH,OH——=> AgOH + NH,NO;
24gOH—>>Ag>0 + H,0
Ag.0 + 4NH,OH—=>2 [Ag(NH3),]OH +3H,0

Uepes aMMHauHbIi pacTBOp OKcuaa cepedpa IpOIyCTHTE aleTHICH
(cm. 2.1). B nipobupke oOpasyercst CBETJIO-KENTRIA OCaJ0K aleTWIeHHIA ce-

peOpa, KOTOPBI 3aTeM CTAHOBUTCS CEPBIM.
XUMH3M mpomecca:
HC = CH+2[A§WH3)3]OH }Ag-‘CE C“Ag+4NH3+2HQO
ouayemuneHuo
cepebpa

Anerunenuy cepebpa onacer B oOpameHud U OTQUILTPOBLIBATE €I0 HE
CIIEIyET.

KonTpoJibabIe BOHMPOCHI

1. Kakue yrneBogopoabl Ha3biBAKT ATKMHAMMN?

2. Obmas popMyJia AUeTWICHOBLIX YIJIEBOIOPO/IOB.

3. Kakue Byl H30MEPHUM BO3MOKHBI Y alIKHHOB/

4. CriocoOpI IOJIYUYEHMA ALIETHUIIEHA W €T0 TOMOJIOTOB.

5. X¥MUYeCKHE CBOMCTBA ALlETUICHOBBIX YITIEBOAOPOIOB.
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JTaboparopHas padorta Ne 5
APOMATUWYECKUE YITIEBOAOPOObI

Lens padorbi: nOMydnuTs OEH30M, H3YUHUTh €r0 CBOMCTBA, a TaK K€ CBOMCT-
Ba romonoros Oexzona. CpaBHMTH XMMHYECKHE CBOMCTBA apOMaTHYECKHX VITIe-
BOJOPOIOB CO CBOUCTBAMHU VITIEBOAOPOAOB JKUPHOTO PAA.

1. TeopeTnyeckas Yyacrtb

ApOMaTUYECKUMH COENUHEHUSMHA OOBIYHO HA3BLIBAIOT KapOONMKIIHYECKHUe
COEIMHEHHS, B MOJIEKYJIAX KOTOPLIX ¥MeeTcsa ocolas MUKIMIecKas rPyNIUpOBKa
M3 IECTH YTIEPOIHBIX aTOMOB — OeH30JIbHOE SApo. [TpocTeiimM coeTHHEHHEM,
CONEPIKAIIMM TAKYI0 TPYIITUPOBKY, ABILIETCS YIJIEBOAOPOA GEH30JI; BCE OCTalIb-
HBIE apOMATHIECKHE COEIUHEHHS 3TOTO THUIA PACCMATPHUBAIOT KaK MPOW3BOIHBIE
OeH3oua.

brarogaps HATHYAIO B apOMATHYECKUX COEIUHEHMAX OEH30NBHOTO SIpa OHH
[0 HEKOTOPBIM CBOHCTBAM 3HAYMTENLHO OTIMUYAOTCA OT NPENENBHBIX W HEMpe-
JNEMBHBIX AMMIMKIAGECKHX COCAMHEHMSX, & TAaK YK€ OT COEJMHEHMH C OTKDHITOH
Hener0. OTIMYHTENRHBIE CBOWICTBA apOMATHUECKUX COEIMHEHWH, 00YCIOBJIEHHBIE
HaJlMYMeM B HUX OEH30JILHOTO sjlipa, 00KIYHO HA3BIBAIOT apOMATHYECKUMM CBOW-
CTBaMH, a O€H30IBHOE SAHPO — COOTBETCTBEHHO apOMaTHUECKHM sapoM. Bewszon
(CgHs), HECMOTPA HA TO, YTO IO COCTABY OH SBJISIETCSl HEHACBHILIEHHBIM COEIHHE-
HHEM, MPOSBIACT CKIIOHHOCTE NPEHMYIIECTBEHHO K PEaKIsaM 3aMelieHms1, i OeH-
30JIbHOE AP0 OYEHb YCTOHYMBO. B 3TOM 3aKIFOYaeTCsi CBOMCTBO OEH3051a, KOTO-
po€ Ha3bIBarOT apoMaTHYECKMMHM cBoiicTBamu. [locnenHue XapakTepHBI ¥ yIs
OPYIUX apoMaTHYeCKUMX COCIWHEHWH; O[HAKO pa3IidHbIe 3aMecTUTE/IM B OeH-
30JIbHOM SIPEe BIMAIOT HA €ro YCTOMYMBOCTh M PEaKIMOHHYHO CIIOCODHOCTE, B
CBOIO odepenh OCH30IBbHOE ANPO OKa3biBacT BIMIHHE Ha PEaKIMOHHYIO CIOCO6-
HOCTh COCHMHECHHBIX C HMM 3aMeCTHTENCH. ApOMaTHYECKHAE YTIIEBOAOPOBI BCTY-
AX0T B PEAKIMHU 3aMEIICHIUA, TPUCOETMHEHUS], OKHCIEHHIS.

1.1. XaMugecKue CBOHCTBA

1.1.1. Peakunus zamMelieHHus

I'anozenupoganue. B 0OBIMHBIX YCIIOBHSAX apOMATHUCCKHE YITIEBOAOPO/IbI
MPAKTHYECKHW HE PeardpyroT ¢ rajoreHamu. Yuctelit 6eH301 He obecuBednBacT
OpOMHYIO BOJY, HO B NpPHCYTCTBUM KaTalM3aTOPOB XJIOP M OpOM 3HEPrAYHO
BCTYNAIOT B PEAKIHIO ¢ DEH30JIOM TP KOMHATHOM TeMITepaType.

cr
e, 4
+iCs s + HCI

beH3on xa0pben3o
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['omonoru Oenzoia npu OOBMMHOMN TeMIepaType U B IPUCYTCTBHH KaTalu-
3aTOpa pearupyroT ¢ rajloreHaMy aHaJIOTHUYHO, 00pasys rajJoreHIpoOU3BOHEIC
C FAJIOr€HOM B OEH30JIBHOM SJIPE; €CJH K€ BECTH PEeaKUMIO NPW HarpeBaHWH B
OTCYTCTBHE KaTalU3aTopd, TO TaIoreH 3aMelaeT aToM BOAOPOJa JIMIL B 0o-
KOBOM LIETTH.

Heticmeue azomnoi xuciomst (peaxuyus Humposauus). Peaxuug za-
KJIFOYAEeTCs B 3aMEIleHWH aTOMOB BOJOpoJAa B OGH30JLHOM SAPE OCTATKAMMU

a30THOM KHMCJIOTHI — HUTporpymnmnamu ( —NO, ); B pesyisrare odpazyiores apo-
MaTHYeCKHE HUTPOCOEIWHEHNS U BOIA.

H NO;
/ /
H>S50
+ HO - NO; ——=>> + H,O
Humpobenson

1.1.2. Peakuuu npucoeIHHEH U

IHpucoeounenue eooopooa (pearkyus zuopupoeanus). beHzon npucoe-
nuHsgeT 6 aTOMOB BOAOPO/IA; MPU 3TOM TIOJYyHAeTCs [UKIONeKCaH:

CH,
F
N H,C CH,
(O|+3m——> "1 |
H,C ~ /,CH;
CH,
OeH30N YUKNO2CKCAH

I uapupoBaHUIO MTOABEPTAIOTCS W APYTHE apoOMaTYECKe COeNUHEHMA psa
OeHzona, Npespaliaich B NPOU3BOAHBIE LIMKIOrEKCaHa.

Ilpucoeounenue zanozenog. Ecnyi NeicTBOBATE XJIOPOM WIM OpoMOM Ha
OEH301 NpU OCBEILUEHUU YILTPA(PUONETOBBIMMA JIydaMHy HIH IIPSIMBIM COJIHEY-
HBIM CBETOM, MPOHUCKOAUT NPHUCOEHAWHEHUE MIECTHM aTOMOB rajoreHa u obpa-
3YFOTCS T€KCaraJoreHnpOoU3BOAHbIE IIUKIIOTEXCaHa.

Cl
i
CH
CI~HC Y ™ CH~Cl
Dl | |
CI—HC,\ /,CH—C!
CH
|
Cl
benzon 2eKCAXAOPYUKTIO2EKCAH
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1.1.3. leiicTBHE OKHCJIHTENEH

berson eme donee cToeK K HEUCTBHIO OKMCIHATENEH, YeM NpeneIbHbIe Y-
neBofopoabl. UH HE OKMCHAETCHS PAcTBOPOM TIEPMAaHTaHATA Kamws, pazOaBlieH-
HOM a30THOH KHcinoTod. ["'oMoyorn OeH307a OKHUCIAIOTCH 3HAYUTENBHO JIErde.
Ho u B Hux GeH30/IbHOE AAPO OTHOCHTENLHO Oonee ycToHYMBO K NEHCTBHIO
OKMCHIHUTENEH, WeM COEQUHEHHbIE C HUM YIJIEBOIOPOIHBIE paaukansl. OORMHO B
[EPBYIO OYepelb OKUCIITIOTCH OOKOBLIE LEIH, a OSH30JIbHOE AP0 HE U3MEHSET-
cs. Kak Ob1 vy Obina ciokHa DOKOBRAA 1LIEIb, OHA ITPU JEHCTBUH CHILHBIX OKHC-
JIUTENICH paspyliaeTcs, W IUllb YINepo, HeNOCPEACTBEHHO CBA3AHHBIN ¢ ANPOM,
He OTphIBAETCS OT HEero M mperpamaercs B KapOoKcwibHyK rpymry — COOH.
Takum obpazom, moboii roMonor ¢ OJHOH DOKOBOM NENBIO OKHCIIETCS B OHO-
OCHOBHYIO apoMaTU4ecKyr (OeH30HHYIO) KHUCIIOTY.

O
610 /Y
CH, -~ CH,; (G — ”?‘E‘CG;"}’QHQG
OH
SMUIOCH30N Denzo0uHas xucnoma

1.2. CnocoOpl moarydeHHst ApOMATHYECKHX YIJIEBOAOPOIOB
paga HenzoJia

1.2.1. Cunres 6eH30J1a M3 alleTHJICHA

benzon MOXeT OBITH IIONYy4eH M3 aleTHUIIeHa IPH NPOIYyCKaHWHA €ro Hajl
HArpeThIM aKTUBHPOBAHHBLIM yrjieM. Peakiius npoTeKaeT no cxeme:

HC

HC “eu

I+ e

HC CH
Z

HE

1.2.2. ApomMaTH3auusa aTHIAKIHYIECKHAX
H AUMKIHYEeCKUX YIIeBOA0poOa0OB

benz0i1 nosyqaroT U3 LMKIoTeKcaHa (peakis JeruapyupoBanms). B kaye-
CTBE KaTAJIU3aTOPOB IPUMEHSIOT IUIATHHY, TAJUTAIWH U Jp.

CH,
H;C N CH; Pt
CJ | — + 3H,
H,C.  CH;
CH,
YUKNIO2EKCAH ben3on
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M3 roMoJI0TOB HUKIOreKcaHa TakuM TIYTeM MOryT OBbITh ITOJIYYeHbl TOMO-
noru Oenszosia. Ilpy MOMOIIM CHENMATBHBIX KaTaJM3aTOPOB apOMaTHUYECKHE
YIJIEBOJOPOABl MOTYT OBITH MOJIYYEHE! W3 OPEASHbHBIX M HENPEeJeIbHbIX YITie-
BOJIOPOJIOB C OTKPBITON Lensro. Ilponecc 3akmodaeTcs B OTIIEIICHAN BOXO-
pOJia ¥ 3aMblKaHUU HMKNA (peakiug AeruIpOIHKIH3AIHH):

CH,
H.C~ NCH,
| } O T 4H_1_:|

H;C\ - CH;

CH,

1.2.3. CuaTes roMoJioror 0en3oa
ATKHJIHUPOBAHMEM APOMATHYCCKHUX VIJIEBOAOPOAOE

AJIKWJIAPOBAHUE apOMATHYECKUX YITIEBOAOPOJOB UMeeT OONLINOE 3Ha4e-
HHE, TaK KaK IPH 3TOM IOJYHAKTCA PAa3NUYHBIE TOMONOrH OeH3oma. AJNKWIN-
POBaHME OCYIIECTRISIETCH PasnuUBbIMU MeTogaMu. Harnpumep, npu aeicTpud
Ha OeH30J1 WIKWIXJIOPHUAOR B TPUCYTCTBHM OE3BOJHOTO XJIOPUIA THOMUHMSA
aTOMBI BOJOPOJA siApa 3aMeIaloTcs pajguKaiaMi U ¢ BhIACICHUEM TaJOreHo-
BOAOPOJa 00pa3yroTcs roMoJiorh Gerszona (peakuus @punens-Kpadrea).

Hanpumep:

i - e W e e e e

'H + Cl-CH,—CH; CH,— CH;
I? ________ /
AICI
15, + HC]
benzo IMUNOEH30J

Hpyro#i cimoco® cuHTE3a roM0oJIoroB 0eH30/la OCHOBAH HA HeUCTBUM Me-
TAUIMYECKOTO HATPUA HA CMECh AJIKWITAJIOTECHUIA C apOMATUYECKHM T'aJIOTeH-

MPOU3BOAHBIM (peakis PUTTUTa).

Hanpumep:
Cl + 2Na + Ch— CH, — CHj CH,~ CH;
/. SMUAXTIOPUO 74
e + 2NaCl
benzon Ssmunbenzon

2. QHCHEPHME HTaJibHAA H4CThb

2.1. IIpoba Ha apOoMaTHYECKYIO CTPYKTYPY

B npobupky IOMECTUTE 5 Kalelb apoMaTHIecKOrO YIJeBOLOpOona,
4 karmnu xJaopodopmMa U BHECUTE HA KOHYMKE MHKDPOJIONATKH Oe3BOAHEBINA XJ10-
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pun amomuaus. CozepxuamMoe NPOOHPKH TIHATENBHO TNepeMeniaire. Ilocte-
MIEHHO TIOSBJISAETCA OKPACKA CaMbIX Pa3sHOOODA3HBIX OTTEHKOB, MPH CTOSHUH
epexoisainas B KOPHIHEBOE OKpalIiBaHue,

2.2. llonxygenne Genszona u3 Genzoara HATPHUS

B cyxy1o npobMpKy NOMECTHTE HEMHOTO cMecH U3 OeH30aTa HATpHUsS U Ha-
TpoHHOH u3BecTH (1:1). IIpodupky 3akpoiiTe mpoOKoil ¢ ra300TBONHON TpyO-
KOH ¥ 3axpernmre B ITATHBE FOPH30OHTANRHO. KoHEel razooTBOOHOH TpyOkm
ONYCTHUTE B NMPOOHUPKY ¢ BOMOH, OXNax/IaeMyI0 JIbAOM. PeakilHOHHYIO ipobup-
Ky Harpenre. YTo0b1 O€H30I ITEpEeX0IMI B IPHEMHIK, BHAYAIE HArpenTe Bepx-
HIOIO HacTh MPOOHPKH, a 3aTeM YK€ PEeakIHOHHYH CMECh. Yepe3 HeKOTopoe
BpeMs B NPHEMHHUKE HA TOBEPXHOCTH BOABI TOSBIAETCS MACHIHUCTOE IIAT-
HBIIIKO DeH30JIa.

[Tocne Toro, xak peaknuoHHas npodUpPKa OCTHIHET, €€ OTKphIBarT. Omury-
[IaeTCA XapaKTepHBIN 3anax OeHsona.

XUMH3M npouecca:

P S GEEE R R e R RS AR, o TR R

st + Na,COj;

OeH3O0UHOKUCTBIU benzon
Hampuu

2.3. CBomcria Oen3ona
2.3.1. leficrBue 6pomMHoOii BOALI HA GEH30J1

B mpobupky noMectute 3 Kamnu 6poMHOM Boas!l U 2 kxamm 6erzona. Co-
IepKuMoe TIPOOHPKH SHEPIHIHO MEpeMeliainTe U Jaire oTcToAThCa. Hikaul
cjior (OpoMHad Boja) 0OeCLBEYUBACTCA, a BEpXHUH CIIoH (DEeH30MI) OKpaninBa-
€TCA B KOPUYHEBATO-XKENThIM LBET. bpoM nierdye pactBopsercsa B OeH30J1€, 4eM
B BOJIE, U [IOITOMY NEPEXONUT B BepxHUM Oen30nbHEIN cioi. [Ipucoenmnenwe
OpoMa B 3TUX YCIIOBHAX HE POUCKOJINT.

2.3.2. JlelficTBHE NEPMAHIaHATA KA

B npobupxy rnoMecTute 3 Karmd BoApl, 1 Kamwno pacTBOpa mepMaHraHaTta
Kaymsg ¥ | Katmo pacTeopa CepHOUW KUCHOTHL. K TONy4eHHOMY pacTBOpPY IO-
OasbTe 1 kAo OEH30/a U BCTPSIXHUTE colepxKuMoe Mpooupku. Po30BkIi pac-
TEOP NepMaHTaHaTa Kajlud IPU 3TOM He 00ecBeYHUBaeTC.

OnHuM W3 BaXKHEHIINX CBOUCTB OEH30Ja ABIAETCHA €ro YCTOMIHBOCTEL K
HEUCTBHIO OKMCIIATENEHN.
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2.4. OxHcJeHne roMoJIoreB 0eH30J1a

B npobupky nmoMecTure 3 Karumd BoIbl, | Kalumo pacTeopa IepMaHrasara
Kanus ¥ 1 Karumo pacTBOpa CEPHOM KUCIOTEL. 3ateM jobaseTe 1 Karumo TOnyo-
Ja ¥ HEPTHIHO nepemeniaiire. Po30Basg OKpacka IMOCTEIIEHHO UCYE3aeT U pac-
TBOp 00ecLBEeYHBACTC.

XUMH3M Ipouecca:

O

//
CH; C - OH + H;0

/ /
E®

omosroru 0eH30/1a OKHCISIOTCH 3HAYUTENRHO Jierade OeH3oJia.

2.5. bpomupoBanne apoMaATHYECKHX YIJIEBOJXOPOXOB

(OnsIT IPOBOJAT B BRITSHDKHOM 1uKady!) |

Jlns mpoBeIeHHUA OIbiTa BO3BMHUTE ABE MPOOHUpKH. B 0fHY TpoOUpKY mo-
MecTuTe 2 Karum 6eH3ona, B Apyrylo — 2 Kamm tonyolia. B 00e npodupku mpu-
neire no 0HOM Kamwie pacTBopa OpoMa ¥ BCTPAXHUTE B TedyeHue 1-2 MuH.

[TpuzHakoM HIYIIEH peakuyy ABIAETCA BhIOECIEHUE OPOMUCTOrO BOXOPO-
a, ObIMSAIIErO Ha BO3AyXe, 1 obecneurBaHue dpoma.

B mpobupke ¢ OeH300M peakuus OpOMUpPOBaHHSA HE ODHapyXHBAETCH.
Tonyon B 3TUX YCIIOBUAX OPOMUPYETCs MEIJIEHHO, HO BITOITHE OTYETIIMBO.

Conepxumoe obeux MpoOUpPOK HArpeiTe A0 KureHus. 1oiyolr npu 3ToM
OpoMUpyeTCs OYeHb JIETKO, a OEH30JT He OPOMUPYETCs NaXkKe NMPU KUIITYEHUH,

XHUMH3M IpoLecca:

CH3 CHEBT'
/ 0 /
+ Br, — + HBr

JleiicTBue xJiopa U OpoMa Ha apoMaTUYECKHUE COEIUHEHUS B YCIOBUSX
pajuKaJbHOW peakuuu (HarpeBaHue, OCBEIEHHE) IIPUBONUT K 3aMELICHHIO
BOJIOPO/a B OOKOBOM LIETIH.

KonTpoJbHabIe BONPOCHI

1. Kakue yrieBogopobl Ha3bIBAKTCA apOMaTHIECKUMU?

2. beH30JI K ero CTPOEHUE.

3. M3oMepus apoMaTHIECKUX YTIIEBOAOPOAOB psaaa 6eHsona.

4. Crioco6n! mosrydeHus DeH30J1a U €ro rOMOJIOTOB.

5. XIMHYECKHE CBOMCTBA apOMaTHYECKUX YIIIEBOJOPOIOB.

6. B deM CXOACTBO ¥ OTIHYHE aPOMATHIECKHX YINIEBOOOPOJOB OT IIpe-
NEJIEHBIX U HeIpeeIbHbBIX YIIEBOA0POI0B?
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C12 KHUCIIOPOOCOUNEPXAIIME OPI'AHUYECKHUE CO-
EAVHEHWA: JlaboparOopHBIi HOpPaKTHKYM II0 XHMMUH.
Yacts 2. — BiagusocTok: U3n-s8o BI'Y2C, 2020. — 32 c.

B npakTtukyme npuseieHbl gabopaTopHsie paboTel N0 Kypey XHMUS
(pazpen 1) mwisi CTYASHTOB HEXHMHUYECKHX CHeUMalbHOCTEN. MeToau-
YECKUE YKa3aHHUS COCTOSIT M3 JIBYX YacTeil: TCOPETUYECKOH M DKCIIEpH-
MEHTAJIbHOMH. '

M3ydyeHHe TEOpeTHYECKOro MaTepuaia CIoCOOCTBYET YCBOEHMIO
JAHHOM TEMBI, YTO NO3BOJIAET IPAMOTHO BBINOJIHUTEL 3KCIIEPUMEHT. Me-
TOAMKA BBIIIOJIHEHUS OIBITOB I10APOOHO ONMKMCAaHA B 3KCIEPUMEHTaJIbHOM
gacTH. C LENIbI0 3aKPEIUICHUA U3YYEHHOI0 MaTtepHraia mpUuBOIATCS KOH-
TPOJIbHBIE BOIIPOCHI.

Hna crymerToB I xypca cneummanbHOCTEM: 013100 — 3komorms,
280900 — KOHCTpYHpOBaHUEe IBEMHBIX M3menuit, 351100 — ToBaposee-
HUE M IKCIepTr3a ToBapos, 280800 — TeXHOMOrus MBEWHBLIX U3 AEIIHIA.
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© H3narensCcTBO BnaanBOCTOKCKOIO
rOCYJapCTBEHHOTO YHUBEPCUTETA
9KOHOMMKH # cepBuca, 2020

KUCNOPOACOAEPXALWLME OPTAHUYECKUE
COEOUHEHWA

K KUCJIoOponcoacpamuM OpraHUYeCKUM COCIUHEHUSAM OTHOCAT MHOTO-

JUCJICHHBIE OPraHH4YECKHE COCHUHEHUA, KAK IIPUPOAHOIO -MPOHCXOXICHU,
TAK ¥ CHHTETUYCCKHEC, SBIMIOMUCCH INMDOVZBONHBIMHP VINICBONOPOIAOB, B MO-
JIEKYJIaX KOTOPBIX COHCPXKATCA YIrICPOAHBIE ATOMBI, HENMMOCPEACTBEHHO CBA-
3aHHbIC C KNCIOpUaAOM.

B oprasny4eckux KUCIOPOACOAECPKAaIHX BEIICCTBAX KHUCIOPOH B COCHU-
HCHMM C YLIEpOAUM UG[J’cLsyU-l' PasJiv4HbIC LPYllbl, B KULTUPbLIX YLICPpOUA 3a-
Tpad9uBaCT HAa COCOHMHCHHM C aTOMaMU KHCJIOpOJa OAHY, NBE€ WJIH TPU Ba-
JICHTHBIC CBA3H:

| \ 20
—(C—OH =0 o
l OH
SUOPOKCUNbHAR ~— KAPOOHUNbHAS KaApOOKCUNbHAS
epynna epynna epynna

OcTanpHbIE BAJIEHTHOCTH YIJIepoJa MOIYT y4acTBOBaTh B 00pa30BaHUU
CBs3H NUO0 C YIIepOoAHBIMH aTOMaMHM, JH00 C aTOMaMH BOAOpPOA HIH ApY-
THX DJIEMEHTOB.

Taxum ofpa3om, NpUBEAEHHBIE KUCIOPOACOAEPKAIIUE IPYINIBI, MOXKHO
NpeICTaBUTh KaK Pa3id4yHble CTAAWH OKHCICHUA YIJIEPOAHBIX aTOMOB B Op-
raHWIeCKUX MOJIEKYJIaX; 3TH IPYINIbI CBSA3aHbl MEXIY co0O0M Tak ke, KaK U
COCIMHEHUSA, B COCTAB KOTOPHIX OHU BXOJAT, B3aMMHBIMHU OKHUCIHUTEIHHO-
ROCCTAHORUTENEHEIMU TNPERDAIMEHUSMY, ["UIPOKCUNTLHAS YA CONEPMKUT-
csi B cnupTax, KapOOHWIbHAA — B ANbAETHAAX U KETOHAX, KapOOKCUIbHASA —
B KapOOHOBBIX KUCJIOTAX.
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NTAGOPOTOPHAA PABOTA Ne 1

CnupTbl ¥ X NPOoM3BOAHbIE

Iear paboThl: II03HAKOMUTECA CO CBOMCTBAMM CITUPTOB, M3yIHUTh CIIO-
cOBRT MOMY9EeH|s TIDOCTHIX W CIOXKHBIX 3(QUDOB,

1 T.ﬁ..ﬁ. o N e (T W

.1 EUpPETMHCORan

[IpOM3BOHGIE YTJIEBOJOPOJOB, HNPENCTAB/AIOLIME CODOH OpOAYKIbL
jaMeleHds aToMa BOJIOpoNa B YIJIEBOJOPOJHOM MONEKYJI€ BOIHBIM
OCTATKOM, T.e. T'MAPOKCHIBHOM rpyrmoii — OH, Ha3pIBAIOT CIHPTaMH. IJTH
BelleCTBA MOKHO paccMaTpUBaTh M KaK IPOM3BOJHBIC BOIEI, B MOJIEKYJIE
KOTOpO OJMH aroM BOZOPOZA 3aMEIEH YITIEBOAOPOAHEIM DPajuKanoM R.

370 MOKHO NPEACTABUTE CXEMOM:

R-H R-OH H-OH
y2neao0opoo cnupm 800Q

CnupThl MOTYT COJEPXaTk ¥ HECKOJIBKO THAPOKCHIIBHBIX IPYIII HO TIPH
pasHLIX aToMax yIiepoja. YMCiIo HX XapakIepu3yeT aTOMHOCTh CIHMpPTA. B
COOTBSTCTBHM C 3THM CHHUPTH! OLIBAOT OMHOATOMHLIE ¥ MHOIOAaTOMHEIE; IO-

clieHUE TTOAPAa3AEISIOTCA Ha ABYXaTOMHBIE, TPEXaTOMHBIC U T.1. CIIUPTHL.

1.1. Crpoenne. U3omepus

H3omepHsi IpeebHbIX OJHOATOMHBIX CIIMPTOB, 00mas GopMmyia KOTo-
peix C,f;, ;OH, 00ycioBnesa H30MEpHeH yrJepOAHOIO CKENeTd U U30MEPH-
el ITONOXKEeHNUA TUAPOKCHILHON IPYIIIIb.

Crupty coctaBa C3H,0H cOOTBETCTBYET IOBa M30MEpa IO TIONOXEHHIO
THAPOKCUIBHOM IPYIIIbL:

CH;—CH,—CH,—OH CH 3'—(’|JH—'"CH3
OH
NPONUICEbIH CRUP BMOPUYHBIY NPONWIOELIU
(nepeuynblil) crnupm (U30nponUIOsIL)

W3 6yraEa # H3o0yTaHa MOTYT OBITE NPOM3BEIEHBI YCTHIPE U3OMEPHBIX
OYTHJIOBBIX CIIHPTA.

B 3aBHCUMOCTH OT IIOJIOKEHHA TFUOPOKCHIIBHOW I'PYINIGI IIpH IICPBHUY-
HOM, BTOPHYHOM U TPETHYHOM YIJIEDOJHOM aTOME CITHPTHI MOTYT OBITH HEp-
BUYHEIMY, BTOPAYHLIMY 1 TPeTUYHEIMU!

4

R id
| |
R—CH,—OH R—CH—OH R—(C —OH
I
R
nepeUYHbBIL CRUPM 8MOPUYHbLU CRUPM MpemudHblt CRUPM

1.2. XuMHuYecCKHe CBOHCTBA

XuMHPYecKrde CBOMCTBA CIUPTOB OOYCIOBIECHb! HANTHYHEM TIHMIPOKCHIIb-
HOM rpyrmsl. B pa3sHO0ODa3HBIX XMMHYECKUX MDEBDALIEHUAX CIHMDTOB OCO-
6as poJib MPUHAMICIKUT JABYM THIIAM PEaKLIHM:

R—CHS05H

(1) (2)

pa3peiBy cesizu Mexy aromamu C u O (1), Ou H(Z).

[TonoxkeHWe THAPOKCWIBHOM TIpyNmbl CYIIECTBEHHO BIMAET Ha €€
MIOBEAEHHE B DTUX IIPEBpalieHIIX.

1.2.1. KucnorHble CBOHCTBA CHHPTOB

ATOMBI BOJOPOAA THIPOKCHIBHBIX IPyNI B CIMPTaX NPOABIAIOT OIpe-
NenEHHYIO MOMBWXHOCTE. [[0100HO BONE, CTTUNTHI PEarupylOT CO METOTHEI-

MM METAUIAMMY, KOTOPHIE 3aMEIarT BOAOPOI CHHPTOBBIX THAPOKCHIBHBIX
TPYII; MPH 3TOM 00pa3yloTcs aXKOroJATEl U BEIAEIAETCA BOJOPOL

2R—OH + 2Na—>2R—ONa + H,

ANKO20NSAM
Hampus
2CH; —CH,—0H + 2Na—2>2CH;—CH;—ONa+ Hg’b
SMUTOBBLU smunam
CHUpm HAMpust

[To Mepe yBelnuYeHUs 4YHCIa YIJIEPOJHBIX aTOMOB B YIVIEBONOPOAHBIX
pajyKazaX CIMPTOB AKTHBHOCTH IIOCHEJHMX B 3TOM peakiuy BCE Oonee
YMEHbIIAeTCA.

BbiCLIME COMPThl PEArMPYIOT C HATPUEM JIMIIb NPH HArpeBaHuH. liep-
BUUHBIE CIIMPTHI 3HAUMTEIBHO aKTHBHEE B PEAKIUAX CO MIETOYHBIMH METall-
laMH, 9EM H30MEPHBIE MM BTOPHYHbIE 1 0COOEHHO TPETUYHBIE.

B peaxiuy CO MENOYHBIMHA METa/LIaMi CIMPTHI MPOSBILEOT CBOKCTBA KH-
CJIOT; HO B PE3YJIbTATe BIMSHYUS, OKa3bIBAEMOI0 HA I'MIPOKCHIIBHYIO IPYHITY aj-
KWILHBIM PaIMKAJIOM, CIHMPTHL— emé Gomee crabbie KACAOTEH], 4eM Boaa. Ilpak-
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THUECKH CITAPTHI — HEUTPAbHBIC BEIeCTBA: OHM HE MOKa3BIBAIOT HY KUCTKOH, HH
IIEIOYHON PeaKiMy Ha JJAKMYC, HE TIPOBOIAT MEKTPUIECKIH TOK.

1.2.2. OkucaeHHe CnupTos

Kucnopo Bo3ayxa OKHCIAET CIMPThI TOJILKO [PH BRICOKOH TEMIIEPATy-
pe; IpH 3TOM OHH ropar. B pesyiprarte NPOMCXOMMT MOJHOC PaspylIeHHE
MOJIEKYJI ¢ 0Opa3zoBanueM okcuaa yruepona(lV) u BobI.

BO3MOKHO W YMEPEHHOE OKHCJICHME CIHPTOB: IPH 3TOM OHH OKHCIIA-
fOTCA JIerde, YeM COOTBETCTBYIOILINE TpeNeNbHbIE YIIIEBOJOPOIbL. Y TIIEBOIO-
pOZIbl HA XOJIONY HE B3aMMOIEHCTBYIOT C PacTBOPOM INECpMaHIaHaTa Kajlus
WIM XPOMOBOM CMECBIO, CITMPTBI K€ OKHMCIIIOTCA MMH. BHEIHE peaxisd
IPOSABISETCA B TOM, YTO B Cllydae INepMaHraHara KaJrrs (KMnQ,) ucuesaet
ero (uoneToBas OKpacka, a B Caydae XpoOMOBOH CMECH (K>Cr;07+H,SO,) et
OpaHKEBhIH I[BET IEPEXOLUT B 3€NCHBIH.

Bonpiias CKIOHHOCTh CIIMPTOB K OKUCIECHMIO IO CPABHEHHIO C YTJICBO-
JOpOJIaMH OOBACHAETCA BIMSAHHEM HMEIOIIEHCA B MX MOJCKYyIaX TUIpPO-

keunsHOM rpynnel, Mosiekyibl CHUMPTOB COACPXKAT YITICPOAHBIC aTOMBI, Kak
OB YIKE TOABEPrIIHEcH OKUCIICHHIO, T.¢, CBA3AHHBIC C KHCJIOPOAOM TI'HIpO-
KOIJLE. M HOOTOMY AeficTine OKUCnTeNs Npexiae BCEro HanpasBJIACTCA Ha
CHUPTORYIO TPpYIHY Ilpn TOM OKHCITEHHIO JIeTr e ﬂOﬂBepFa}ﬂTCH CIIHPTEI, B
KOTOPRIX PR YEaepoae CHUPTORON IPynIbL UMEETCA BOAOPOL, — NEPBHYHBIC
W nropuie, Hpo okuenenny nepsuiHbixX CIIMPTOB 00pasyroTcs ajJbAeru/ibl,
O EREN KOTOMLL, OKHCIeHHEe TPEeTHYHBIX CIMPTOB CONPOBOXIAACTCA
PRAPKINOM YEICPOJIHON HETTH.
[
i iy
R=C+H | 20
-+ 0l > R—C_  + H,0
OtH | ~H
nepeudHbIl CnUpm anvoezuo
| P——=—= R
R—C+H | |
| | +C)i——-—-+ R-—ﬁ + H,0
O+H
Y O
EMOPUYHBIU CHRUPM Kemon
6

T g

1.2.3. JernapaTanus ClIHpTOB

Jernnparanus (OTHATHE BOIBI OT MOJIEKYIBI CIIHPTa) MPHUBOJUT K 00pa-
30BAHUIO ATUIAEHOBBIX YIJIEBOIOPOMOB WM MPOCTRIX 3¢upoB. IIpu m30bITKE

CIMpTA JECWIpaTaldsd NPOTEeKaeT MEXMONIEKYIAPHO, YTO NMPHUBOJMT K 00pa-
30BAHUIO NPOCTOrO 3upa:

130°
CHg""CH;_J“"'OH+ HO“'CH;"CH;E{“ESCEHj— 0 — CZH_-;‘ = H}O
2 4'

BHYTpUMONEKYNSpHAA AETUAPATALNA, T.€. 3a CUET OJIHOH MOJIEKYJIbl
CIMPTa, MPUBOAUT K 00pa3oBaHUIO STHICHOBOTO YIVIEBOIOPOAA:

CHy—H 160° CH;
| e || HS0

CH, —0OH H350; CH,

1.2.4. O0pazoBaHue CJI0XKHLIX 3PHPOB

B3anMoneiicTBHE CIIMPTOB C KUCIOTAMH (OPraHMYeCKUMH ¥ HEOpraHu-

YecKMMH) MNPUBOAMUT K OO0pa30BaHUHIO NPOU3BOJHBIX KHCIOT, HAa3bIBAEMBIX
CHOKHBIMU 3DUPAMH:

0 0
CHy—CHy—OH + CH;—~ (__ —r5> CH— _ _
OH O— C,H;
IMUNOBLIU YKCYCHAA SMUNOBBIU IPUD
cnupm KUCIOMA VYKCYCHOU KUCTIOMb

DTa peakiyd Ha3bIBACTCS peaklyeii 3TepuduKaLum.

1.3. IxcnepuMeHTANbHASA YACTH

1.3.1. Bananne paguKa/ia 4 KOJIHYECTBA THAPOKCHILHBIX IPyNil
Ha pacTBOPHMOCTD CIHPTOB

B deteipe mpoOupku HajieHTe 1O 2MJI BOIBL, NoakpameHHon KMnO,, u
mobapsTe 110 0,5 MII CHeAYIOMMX CHHUPTOB: 3THIOBOI'0, IPOIFUIOBOI0, aMUIIO-

BOro W riauuepuHa. CoaepxuMoe IpoOHPOK SHEPrHYHO mepemMemiaire. Yro
Habmozaete?




YBenuygeHne paarkana (yrjieBoJAOPOIHON YacTh MONEKYJIbl) ITOHIKAET
pPacTBOPUMOCTH CIIMPTOB B BOJIE, YBEJIMYEHHE YMCIIA THAPOKCHIBHBIX TPYITI
yBEJIMYMBAET PACTBOPUMOCTh HX B BOJIE.

1.3.2. O0napyxenue NpHCYTCTBUA B CNHPTE BOABI
H 00e3BOMKMBAHMHE CITHPTOB

B cyxyr0 MHUKPONpPOOHMPKY TMOMECTUTE HEMHOro Mopomka Oe3BOLHOIO
cyibata Mean U gobasbre 8 — 10 kamenms sTwioBoro cnupta. CMech
BCTPAXHHUTE U Clierka Harpeiite. bensll Mopomok oKpammsaeTcss B royooi
IIBET, YTO YKa3bIBAET Ha NMPHUCYTCTBHE B CITAPTE BOAbI. Be3BOAHBIN Cynb(ar
MeIU, CBA3BIBAs BOY, MEPEXOMUT B cuHU kpuctauioruapar CusSQy - SH,0.

O0e3BoKEHHBIN CTIMPT COXPAHUTE JIIs TIPOBEAEHUS CIEAYIONIETO OITHITA.

1.3.3. IMonyuenune ¥ ruipo/iu3 ankoroJaaToR

ITonyaenserif B ombiTe 1.3.2. 00€3BOKEHHDIA CIHPT OCTOPONKHO CIEHTE

¢ 0cagKa B CYXVIO IIPOOHPKY U TOTPY3MTE B HETO KYCOYEK HATPHSA BEIHIHHOH
¢ HeBOoNBIIYVIO TOPOIIMHY, OXJaxnas NMPOOUPKY ¢ PEakUUOHHON CMECBIO B
CcTakaHe ¢ BOJIOH, NMpejoTBpallias KMIIEHUE CITMpTa B pe3yibTare 3K30TepMHU-
yeckoit peakumu. ITo OkoOHYAHMM peakiMy Ha JHe npoOUpKU ocTaHeTca Oe-
TORATEI OCANOK dYTHaara narpua. TosyueHHbIR THIIaT HATPpUA PacTBOPHUTE B
23 M puerumporanoft soasl, nobassre | xarmumo denongranennda. Io-
IIETCH MIUTMHOROE OKpAlIHBAHHE,

XHMH3M nipouecca:

('\HOH + Na—> C,H;ONa + 1/2H,
2mudm Hﬂmpuﬂ

AJIKOTOJISITEL TI0JI00HBI CONAM OYeHB CNaldbIX KUCIOT W Opy JedcTBUY
HOJLE THAPOJIM3YIOTCS ¢ 00pa3oBaHueM CIMpTa U WENOYH.

XuMH3M npouecca:
C,H;ONa + H— OH—> C,H;OH + NaOH

B peakimm co MIENOYHBIMM METAUIAMU COMPTHL NPOSBISIOT CBOHCTBA KH-
CJIOT; HO B Pe3yIbTaTe BIWAHMUSA, OKA3bIBAEMOIO HAa TUAPOKCUILHYIO IPYIILY al-
KHJIbHBIM PaJIMKAIOM, CITHPTHI — eIE OoJiee C1adble KHUCIIOTHI, 9EM BOJA.

1.3.4. Oxucienue 3THJIOBOI0 CIMPTA XPOMOBO# CMeECHI0

B cyxyw poOUpKy NMOMECTUTE ABE KAIUIH 3THJIOBOTO CIHpPTa, 10OaBbsTe
OJTHY KaIuIi0 CEpHOM KUCIOTHI U 2 KAIUIM pacTBOpa OMXpomarta Kajus U 0CTO-
poxHo Harpe#Te. [lpu 3ToM HabmomaeTca M3MEHEHHE OKPACKHM PacTBOpa OT
OpAawKEBOH O CHHEBATO — 3en€HON. OMHOBPEMEHHO OIIYINAETCS 3allaX VK-
CYCHOTO aJlbACIHAA.

XuMH3M npouecea:

KECrEO? ¥ H_?SO,-; sy Hng‘ng + K_:-SOJ

H}CFEO?“"-.} .ZCFOS + H,0
OKCUO

xpoma (V1)
2Cr05™ Cr05 + 30 5
y

3CH;—CH,0H + 30‘““"‘9‘3CH3“—C\ + 3H,0
H

CF}O_; T .SH_:JSG_;""—“} CP;(SO;); + 3H}O

O

Z
""-C + CFQ(SO.{)E + KJSO.; +7H30
“H

KQCF‘QOF + 3CQH50H + 4HQSOJ"’""":}3CH3

Hs moAaTBepKAeHNA 00pa3oBaHUs YKCYCHOTO albJeruia IMPOBEIUTE
LUBETHYI peakiuio ¢ QYKCHHCEPHUCTOH KHCIOTOM.

B npobupky nomecture 3 kamnu pacTBopa (PYKCHHCEPHHCTON KHCIIOTHI
1 TIMIIETKOM BHECHUTE OIHY KaIUI0 ITOJIy4YeHHOro pactBopa. [logBugercs po-
30B0 — ()MOJIETOBAA OKpacka (UBETHAA PeakIys Ha aJbJAeTHI).

CHHpTEl OKHCISAIOTCS JIErYe, YeM COOTBETCTBYIOIIUE UM YIIIEBOIOPOIBIL,
4T0 00BACHIETCA BIMAHMEM HMMEIOLICHCS B MX MOJIEKYNE THAPOKCHILHON

I'PpYIIIIbL.

1.3.5. llosiy4yeHne YKCYCHOM30aMHJIOBOT0 hHupa

B cyxyio npoOHUpKY NMOMECTUTE HEMHOTO (BBICOTA CNOA AOIKHA OBIThH
OKOJIO 2 MM) Nnoporika o0e3BOXEHHOrO alleTaTa HATPHUA W TPH KaIUuIH H30-
aMuJI0BOro compra. [obaspre 2 Kaminu KOHUEHTPUPOBAHHOH CEPHOM KHCIIO-
Thl ¥ OCTOPOKHO HArPEUTE COHEPXUMOE IMPOOMPKH IPH BCTPAXUBAHMH HAJl
IUTAMEHEM CIIHPTOBKH. Hepe3 HeKOTOpoe BpeMsA XHAKOCTh OypeeT U omryIa-
€TCA XapaKTEepHBIH 3allax YKCYCHOM30aMHJIOBOTO >(upa (3amax rpymieBou
ICCEHIIHN).




XuMU3M nipouecca:

2 ~
CH_:; "_C/O + HQSO.{_“;} CH_‘-; _C/O + NﬂHSO.,
“ONa “OH

CH;—CH—CH,—CH;—OH + HOSO;H €—=

|
CH;

CH;

CH, —C 4 HSO, —O0—CH;—CH—~CH—CH; ==
NOH |
CH;

0
=
CHg anas 2

.e._
N CHr=CHr CH—CHj +H,S0;,
CH;

1,3.6. B3aumoneiicrBHe riavuepuHa ¢ rugpoxkcugom mean (11)

[TomecTure B 1poOUpKY JiBEe Karuid pacTBopa cyiab(ara Menu, 2 Kariy
PACTBOPA MMAPOKCHAA HATPUS W nepemMernaitre. Obpasyerca roybo# cryne-
nueTeit ocanok ruapokeuaa meau (I1). B npobupky mobaeere 1 Kammo riuu-
tepuna 1 wibanraire coneprkumoe. Ocalok pacTBOPSETCA M TIOABIACTCA
MO - CHHCE OKpAllIMBaHUe BCJIEACTBAE 00pa30oBaHud INIULIEpATa MEIN.

XHMMU3M Ipolecca:

f-{;(_l'*()H HO—H,C
HC[L"OH + HO—Cu—OH+ HO— HC —>
H,C—OH HO—H,C

C
—p He—0—" " S~o—CcH +2H,0
>~y v |

["nunepuH — TpéxaToMHbIi crupT. KuciaoTHocTh ero Oombme, 9eM on-
HOATOMHBIX CITMPTOB. YBENWYSHHA YUCIA THOPOKCHIBHBIX IPYIIl YCHIIUBAET
KHCIIOTHBIA XapakTep.
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KonTpobabie BONPOCHI

1. Kakue coenwHeHns HasbBaroTcs crmpramu? Kakosa mX obmas

hopmyna?

2. Hewm onpenessieTcs aTOMHOCTh CITHPTOR?

3. Kakye crmpTsl Ha3bIBAIOTCA MEPBUYHBIMH, BTOPHYHBIMH, TPETHY-
HBIMH?

4. XHUMHUYECKHE CBOMCTBA M CHIOCOOBI NOYIEHHS CITUPTOB.

5. Kakwne BelmiecTBa Ha3biBalOTCA NMPOCTHIMHU U CIOKHBIMHE 3hHpaMi?

L




JIABOPATOPHAHA PABOTA Ne 2

DeHoNbl

ITeq» paboThl: M3YUHUThH CRONMCTBA (PEHOJIOB M CPAaBHHUTH HMX CO CBOHCT-
BaMH CIIHPTOB.

1. TeopeTHyeckas 4yacTb

MdeHoIAMH HA3BIBAIOT [MPOM3BOIHBIE apOMATUYECKUX YIUIEBOAOPOIOB, B
KOTOPBLIX ONWH WIH HECKOJIBKO aTOMOB BOJAOpOZa OEH30JBHOIO sAnpa 3ame-

EHBI THIPOKCHIIBHOM rpynmnoi (—OH).
1.1. Crpoenne. Uzomepus

[Ipocteiimuii npeacTaBUTeNb Kiacca (QEHOIOB ABIAETCS MPOU3BOAHBIM
Oenzouna; ero Ha3pIBAXOT MPOCTO PEHOTOM MM KapOOJIOBOM KHCIOTOH.
= OH

benszon genon
CsHs CsHsOH

Tosyony OTBEYAIOT TPU M3OMEPHBIX (DEHONA, PA3IMYHEIX IO IIONOKEHHIO
TUAPOKCHIA B SIIPE; OHKM HA3BIBAKOTCA OPTO-, METa- ¥ Iapa — KPe3oaaMu:

CH3 CH3 CH; C’H3

MONYO.l 0-Kpe30n M-Kpe30i
H—HPES‘E}JI

K deHonam OTHOCATCH Taloke TMAPOKCHJIBHBIE MPOKM3BOJHBIC Ha(TaIu-
Ha — UX Ha3bIBalOT Hadronamu. B coOTBETCTBHM C OCODEHHOCTAMU CTPOCHHMS

HadTaNHHA OHH CYIIECTBYIOT B BHJIE NBYX H30MEPOB — ¥ § — Ha(TONA:

12

{?H
o]0 ™
HamMAIH a-Hagmon p-Hachmon
CIGHS C}[}H? - OH

Denom, Kpesokl, 0~ U - HAQTONB! coAepkKaT No OOHON THAPOKCHILHON
TpyInie, X IO 3TOMY Ha3blBAXOT OJHOATOMHBIMH (peHonaMu. PeHOIBl ¢ He-
CKOJIBKMMH TI'HAPOKCUIAMU B OEH30JIBHOM AJpe Ha3bIBAIOTCA MHOTOATOMHBI-
MH; OHM MOTYT OBITh ABYXaTOMHBIMH, TPEXATOMHBIMHU H T.1I.

Ilo crpoenmio ¢eHonwl anamorydHsl cnupraM. CTpoeHHE CIIUPTOB BBI-
paxaercs oOmed opmynoit R— OH; nomnoOHO 3TOMY CcTpoeHwe (eHONOoB
MOYKHO NIPEACTaBUTE opMynol Ar — OH, rie Ar — apoMaTHIeCKHH pauKaJl.

1.2. XuMuUYeCcKHe CBOMCTBA

Kax crupTel, Tak ¥ (EHONBI COIEpkKaT MHAPOKCHILHYIO TPYIILY — OCTa-
TOK BOIBI M 00pa3yloT pAl aHANOTUYHLIX MPOM3BOAHBIX. OnHaxo B deHonax
3Ta IpyMnna MmoJ BJIMSHHEM HEIOCPEINCTBEHHO CBSI3aHHOIO C HEH apoMaTHye-
CKOTro gapa mpuobperaeT CBOMCTBA, 3HAYWTENIBHO OTIHMYAIOIIKME (PEHONBI OT
CIIHPTOB. B CBOXO oYepess rMAPOKCHIbHAS IPyNNa CYIIECTBEHHO BIUSAET HA
CBOMCTBA Anpa. Mrak, peakuuu GeHOI0B: a) 32 CHET THAPOKCUIILHOM TPYIIIE]
1 0) 32 cy€T OGEH30JBHOTO SApa.

1.2.1. Peakuun 3a CYET rHAPOKCHIALHON IPyNIbI

Obpazosanue genonamos. DEHONB! PearupyroT O MEJ0YaMu, 00pasys ¢
BBIIEJICHAEM BOJIBI (DEHOJATEI — NPOU3BOJAHbIE, B KOTOPBIX BOZOPO (HEHOIb-
HOTO T'HMAPOKCHIIa 3aMelIEH Ha METaJLI:

EHON EHOJIAIN HAdmpiid
@ 1y I

DeHOMATHl ABIAIOTCA AHANIOTAMU ATKOTOJIITOB CIAPTOB. AJIKOTONATHI Ha-
HeN0 THAPOJIM3YIOTCA BOJOM, TOrJa Kak (PeHo/AThl 00Nee YCTOWTMBEI K THIpPO-
3y, B ¢enonax, Gnaronaps BIAIHMIO apoOMaTHYECKOrO SAPa, BOXOPOJ MMOPO-
KCWJIa. NOJBIDKHEE, YeM B CIMPTaX, M OHM 00NanaroT OOJIBINMMM, 9€M CIMpPTEL,
KUCIOTHRIMI CBOMCTBaMU. OHAKO ()EHONBI — 04EHb CIa0hIe KHCIIOTEL.

Obpazoeanue cnodcuvix 2¢upos. [1pu 3aMenIeHA: BOOOPOAA B UX THI-
POKCHUIIEHOHM TPYIIIC KHACTOTHBIMH OCTaTKaMH (PEHOIBI, KaK U CUMpPTHI, 06pa-
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3YIOT CIIOKHEIE 3¢uphl. [locnenHue 0OBMHO MOMYYAOT NEHCTBHEM XJIOpaH-
THAPHIOB KACTIOT Ha (PEHOJIATHL:

0, O
| ]
—~ONa+Cl-C~-CH; —> —0-C~CH;3+NaCl
chenonam XNOPAHZUOPUO genunayemam
Hampus VKCYCHOU KUCIONIbI

Obpazosanue npocmuix 3¢pupos. 1IpoOXyKThl 3aMELIEHUS BOJOpOZA B
(GeHONBPHOM THAPOKCWIE JKUPHBIMHM HIM apOMATHYSCKHMH pajuKajamH
npeacTaBnA0T coOol mpocthie 3¢upbl ¢eHosoB. Hampumep, MNOMy4YeHHe
CMENAHHOTO—KHUPHO- apOMATHYECKOr0 MPOCTOTO 3(upa:

~ OlNa + 14 CH; —> @ ~ O~ CHj + Nal

henonam MEmUnUooUo Memuaerunosnii
Hampust SQUp

1.2.2. Peakuuu 3a c4éT OEH30/ILHOTO SAPA

['unpokcuNbHAs Tpyllla B MOJEKYJEe (PEHONOB BIMsAET Ha apoMaTHye-
ckoe Anpo kak 3amecturensb | pona. braromaps stoMy QeHOIBI OYEHL JIETKO
BCTYNAIOT B PEAKIIMM 3aMeIeHrs (HUTPOBAHNS, TaJlOreHUPOBAHUS U CYIb(H-
poBaHWA), a OEH30ABLHOE AP0 B HUX 3HAYMUTEILHO MEHEE YCTOMYMBO, YEM B
HezaMmeméHHoM OeHzone. bonbmioi IMpakTUYECKHd HMHTEpEeC HIpelicTaBiigeT
puTpoBanue (QeHosioB. Tak, Mpu AelcTBUM pa3daBIeHHON a30THOM KHCIOTHI
Ha OOBIKHOBEHHBIN (heHON 00pasyeTcs cMech O- M N- HUTPOQEHONOB. Ecnu
6paTh Oojiee KOHIEHTPUPOBAHHYH) KHCHOTY, TO MOIYYArOTCA JHHUTPODEHO-
bl ¥ KaK KOHEYHBIH NponaykT 2, 4, 6 — TpUHUTPOPEHON (MHKPAHOBASL KUCIIO~
Ta). Bee 3TH mpoiecchl MOXHO YIPOIIEHHO IPEACTABHTh CXEMOM:

OH (i}H
|

H,SO4(x) O2N— - NO;
>

+ 3HONO;(k) + 3H,0

CbEHGJ?I I!VO;_J

2,4,6 - mpunumpogenon
14

2. DKCnepuMeHTanbHas 4acThb

OnwiT 2.1. lloryuenne denoiniTa HATPHSA

B npobupky nomecture 4 Kammm sMmyiabcun (heHONa B BOIE M J0OABBTE
Z Kami pacTBopa rHIpokcuaa Hartpus. OOpasyercsa nmpo3padHbiii pacTBOP
(eHOIATA HATPHA, TAK KaK OH XOPOIIO pacTBOPSAETCA B BOJE B OTIHUHH OT
(enona. PacTBop ocTtaBeTe )18 CAEAYIONMEro omsiTa (2.2.).

DeHoJbl 001a0ar0T KACTOTHRIMU CBOMCTBAMHM, OHM JIETKO BCTYIIAIOT B
peaKIIo ¢ BOAHBIMHE pacTBOpaMH Luenoded, o0pa3ys aHAJIOTHYHBIC aJIKOIO-
JsiTaM QEHOATEI,

Onpir 2.2, Paznoxenne GeHoaATA HATPHSA COJAHOH KHCJI0TOH

K mojioBuHE npo3padHoro pacrsopa (eHossura Harpus (M3 onwita 2.1.)
no0aBLTE OAHY KAIUIKD pacTBOpa CONSHOM KHMCIOTHL. Beigensercs cBoOoHbIHl
(GeHON B BHIE AMYIBCHH.

XHMH3M nporuecca:

— ONa + HCl —> @—OH+N&C!

DeHOIATH MENOYHBIX METAJUIOB KaK COJIM CIAa0BIX KUCIOT M CHIBLHEIX
OCHOBAHHHM B BOJHOM PAaCTBOPE YaCTHYHO THAPOJIM30BAHbBI, MOITOMY HX pac-
TBOpBI 00JIafaroT MEeNoYHoi peakuueit. MeHOMBI MOXXHO BBIIEIUTh U3 pac-
TBOPOB (PEHOIATOB JaXKe NEACTBUEM Tako# cnaboi KMCIIOThI, KaK yroJIbHasl.

Ongit 2.3. Peakuun ¢penona ¢ xaopuaom xenesza (1)

B npobupky nmoMmecTuTe 2 Karuii pacTtBopa ()eHona, nobasbTe 3 Kamiu
BOJABI ¥ | Kammo pactBopa xuopuna xkenesa (I11). [lossnsercs HHTEHCUBHOE
KpacHO — (HoNeToBOEC okpamuBanue. @erHonsl ¢ xymopuaoM skenesa (II1) B
BOIHOM pPAcTBOpPE JAIOT LBETHYIO PEAaKIUIO BCIEACTBHE 0Opa3oBaHusi OKpa-
IEHHOTO COEIMHEHMS

— OFeCl,, Tounee, oxpameHHOro HOHa

2
~ OFe™. Dta peakups CITyKuT [T KAUeCTBEHHOTO OTKPBITHSA
(heHOJIOB.
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OnpiT 2.4. bpomupoBanune ¢penona

B npobupky momecTudte 2 Karum OpoMHOH BOABI M H00aBbTE 1 Karumo
BOJHOTO pactBopa ¢eHona. bpomHasd Boia 00€CHBEYUBAETCSH, KUIKOCTE

MyTHeeT BCleAcTBHE oOpa3oBanms 0enoro ocajaka TpudpoM@eHona.

XHMH3M npoLecca:

OH CI)H
|

Br — — Br
+ 3Br; > + 3HBr

henon By

2,4,6- mpuﬁpﬂmqbe;mﬂ

KonTpo/bsHbie BONPOCHI

1. Kakue coeTMHEHHs OTHOCATCA K (peHONaM, apoOMaTHIECKUM CIiupTam?

2. HoMenknatypa u u30Mepusa GeHoJIOB.
3. XuMuueckue cBoOMcTBa. Peakuumu 3a CUET THAPOKCUIBHOM TPYIIIL.

Peaxiiim 3a cu&T O€H30JIBHOIO S1pa.
4. CpaBHUTH XMMHAYECKHE CBOMCTBA CIIUPTOB U (PEHOJIOB.
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JIABOPATOPHAA PABOTA Ne 3

Anbaernibl ¥ KETOHbI

Hene paborsl: W3y49uTh cOCO0B! NONYISHHS ANbISTHIOB M KETOHOB U
CPaBHHTE MX XUMHYCCKHE CBOHCTRA.

1.TeopeTuyeckas yacThb

ANTBIETHIBLI H KETOHBI [TPEICTABISIOT cOBOH MPOU3BOAHBIE YTIIEBOXOPO-
JOB, B MOJEKYJNaX KOTOpPhIX MMEETCH KapOOHWIBHAs TIpyrmma, HasklBacMasd
TaKXKe KapOOHMIOM,

\m
A=0

AJTbAETHIAMH Ha3bIBAIOT COENMHEHMA C KapOOHWIBHOU TpYMIoii, B KO-
TOPBIX aTOM YTJICpOJa 3TOH IPyIIbl CBA3aH, 10 KpalHEeH Mepe, C OHUM aTo-
MOM BOJOpOJa;, KETOHAMM Ha3biBaIOT KapOoHWICOomEpkKallue COeIHHEHMS, B
KOTOPBIX Yriepos KapOOHWILHON IPYTINbl ¢BA3AH € ABYMSA YITIEBOAOPOIHEBI-
MU panukanamu. CTpOEHHE anbAETHAOB U KETOHOB MOXKHO NPENCTABUTH Cle-
IYIOWHMH 00mMH popMyIamMHu:

=0 R
R—C” M 1
““\.H R//'

anboe2uo KEMOH

AJIBAETAIBI ¥ KETOHLI OTIMYAIOTCA IO 1LIEIOMY PSOY CBOMCTB, OHAKO,
biaronaps HaTMYUIO B T€X U OPYTUX KapOOHMNLHOHN I'PyNIEL, B HX CBOMCTBAX
€CTh MHOT0 O0MIETO.

1.1. Crpoenne. M3omepus

[IpocTedmui anplerun COAEPXUT OAUH aTOM YIVIepoa; OH Ha3bIBAETCSA
MYPaBbUHBIM aJIbAETUAOM WK (DOPManbIeTrHIOM

H—ﬁ'HH wi H-CH=0 wmu CH,=0
9,

JTO €AVHCTBEHHBIN aNbIErHI, B KOTOPOM KapOOHMIbHAS IPYIIIa CBA3a-
Ha ¢ ABYMA aTOMaMH BOJIOpOJa, WX, HHAYE, B KOTOPOM aJIbAerHAHAN IpyInia
COEIMHEHA HE ¢ YITIEBOJOPOIHBIM PaJuKanoM, a ¢ aTOMOM BOIOPOJA.
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Bce npyrue anbaerubl MMEIOT CTPOSHHE, COOTBETCTBYIOMIEE MpHBE-
néxgol Beime ¢gopmyne. Tak Kak anbAeruiHas rpymmna o0pa3oBaHa TONBKO
IEPBUYHBLIM YIJIEPOJHBIM ATOMOM, IIO3TOMY OHa BCerja paclloNOXKeHa Ha
KOHIIC YIJIEpOMHON LETH MOJIEKYJb! anbaeruna. Ui anbIeruios BO3MOXKHa
H30MEpHS yINIEpoAHOro ckenera. Hampumep,

o
CH;y—CH;— CH;“E“‘“H U CH_;"'CH‘"?‘"“H
0 )

MACHSHBI ANbOe2Uuo U3OMACHSHBII Alb0e2Uo

H3oMepusi KETOHOB OOYCIIOBJIEHA, C OOHOW CTOPOHBI M30MEPHEN YITIEPO/I-
HOTO CKeJIETa, ¢ APYIOoH — H30MEpHell NONOXKEHsSI KapOOHUIBHOH! (KeTo-) IpyIl-
IIbl B YIJIEPOHOM Lieny MoJieKyibl. Harpumep, usoMepHs yriiepoIHOro CKeera:

H;C H;C.
N\ AN
=0 H;C_ =0
CHgCHQCH; /CH
H;C
MEeMUNNPONUIKEMOH MEMUTUIONPONWIKEMOH

M3oMepust TOJIOKEHMS KETOTPYIIIIb:

CHH——CH;—ﬁ*CHE — CH; CHg—ﬁ— CH, — CH, — CH;
O @,

OUIMUNKEMOH MEMUNNPONUIKENOH

AnbIeruabl 1 KETOHBI C OJAMHAKOBBIM YHCJIOM YIJIEPOJIHEIX aTOMOB H30-

MEpHBI APYT [APYrYy IO TONOXEHWI0 KapOboHwibHON Trpymmbl. Hampumep,
alleTOH ¥ NPOINAIOBBIA anbAeru] UMEIT OAWuHAKoBbIN coctaB (C3Hz0) U sB-

JIAXOTCA U30MEpPaAMMU.

CHg—ﬁ'—CHg- CH3—CHg—ﬁH

O .

ayemoH NPONUNOBBLI
anvoesuo
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1.2. XuMHa4YecKHe CBOHCTBA

brrarogaps HaTH4MIO B MOJIEKYJIAX albAETHIOB H KETOHOB XapOOHWIb-
HOM IPYIINGl 3TH COSAHHEHNA OYECHB aKTUBHBI B XUMHWYECKHX peakiwax. [Ipu
9TOM ANBJEIHALL ropasno 0olee peakIMOHHOCIIOCOOHSI, 4eM KeToHbl. Oc-
HOBHBIE IDYINBI PEAKIMH ATBOETHIOB W KETOHOB: a) peakUdM OKHMCISHMS,
0) peakitiy TPUCOSNMHEHMA 110 MECTY JBOHHOM CBS3H KapOOHWIBHOM IpyII-
1b], B) PEAKIHY 3aMeMeHHA KapOOHMIEHOTO KHCIOPOAa, T) peakiyd 33 CUéT
YIJIEBOJZOPOIHOTO PaayKaia ¥ 1) MEXKMOIEKYIISPHBIE PEAKLHM.

1.2.1. Peakuum oKucIeHHS

AJNBIEruIbl ¥ KETOHBl PA3IMYHO OTHOCHTCA K NEWCTBUIO OKHCIIHTENEl.
AllbJErdabl OKHUCIIFOTCS OY€Hb JIEFKO; 3TO 00YCJIOBIIEHO TE€M, YTO B MX MO-
NEeKynax NpH YXKE€ OKHUCICHHOM YIIepoJHOM aroMe KapOOHWIBHOM TIpyIIIIbI
UMEETCA BOOOPOMA, KOTOPBIM ITOJ NEUCTBHEM PA3JIMYHBIX OKHCIIHTENEN OKUC-
jsercs, obpasys rpymmy —~OH. TakaMm o0pasoM, anpleruiHas rpynmna mpe-
BpamaeTcs B KapOOKCWIbHYIO, M allbAET MBI, CIEI0BATEILHO OKHUCIAIOTCS B
KapOOHOBBIE KHCIOTEL ¢ TAKMM K€, KaKk M B HCXOIHOM AIBAETHIE, YHUCIOM
YIJIEPOIHBLIX aTOMOB:

0
Rv-limﬂ }Rmﬁ’——-OH

O
anvoesio Kucioma

KeTOHBI OKHMCIISIOTCS 3HAYMTENHHO TPYAHEE, B UX MOJEKYNIAX MPH YIKe
OKHCIIEHHOM YIJIepoae KapOOHMIBHOM IPYyNIlbl HET BOAOPOHA, ¥ B 3TOM OT-
HOIIEHHH KETOHBI HE OKUCIAIOTCA CIabbIMUA OKUCIUTEIISMM.

PazimarHoe OTHOINEHHE K NEeHCTBMIO cnabbIX OKUCAMTENEH HCHOIB3YIOT
JUISL KAYE€CTBEHHOTO OTKPBITUS alTbAETUIOB B OTIMYUE OT KETOHOB.

1.2.2. Peakuun npucoeiMHenus K KapOOHWILHOM rpyme

3a CYET HBOMHOM CBA3H KapOOHUNBHOM TPYINTLGI ANBAETHIL U KETOHBI
BCTYIIAIOT B pasiMiHbIC PeakUMM npucoenuHeHus. M B 3TOoM ciydae anbie-
TUbl OOBIMHO OONEe aKTHBHBI, YEM KETOHBI.

Bocemanosnenue anvdecudos u xemonos (npucoedunenue 6000poda).
Bonopon B MOMEHT BHIIENCHHS NPUCOSIWHACTCA K KAapOOHWILHOH Ipymme
aJIbJIETMI0B U KETOHOB. AJIBICTHIBI BOCCTAHABIHMBAIOTCH B IEPBHYHBIE, a
KETOHBI — BO BTOpHYHLE ciupThl. Hanpumep:
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»0 -
cH,—C°  + H-H Ny CH,—CH,-OH

~H
YKCYCHBIU IMUIOBLLU CRUPIM
aAnLOecuo (nepeuynviil)
CH; | CH;
N Ni b
,,C':O + H~H > , CH — OH
CH; CH;
aRemon U30NPONUNOBbIU CHUDM
(xemon)

(8MOpuYHbIU)

Tuopocyneumnas peakyus. ANbACTHIB! IPUCOCIUHAIOT THAPOCYNbGHUT
Hatpus NaHSO;, 00pasys KpHCTAUIMHECKHe TUAPOCYIR(MHTHBIE NPOU3BOJ-
HBIC.

R—CH =<~~~ 80:Na R—CH—50;Na
. 1 >
O H OH
anvoe2uo euopocynvumroe
nPOU3B00HOE

Keronsl Taxke OalOT 3Ty PEakIHiO: HO HE BCe, a MPeHUMYIIeCTBEHHO
JUOIb T€, Y KOTOPHIX NPH KapOOHWIBHON IPYIIIe eCTh XOTA Obl OOHA METHIIb-

Hag rpymnna. Peakuuio ¢ THOPOCYIL(MUTOM NPUMEHSIOT IJ BBIACIICHUS aJib-
JETHAOB U KETOHOB W3 Pa3IAdHbIXx CMECEM.

1.2.3. Peaknuu 3aMellieHHs KHCI0Poaa KapOOHHIBLHOM IPyNIbI

3amewenue xucnopooa 2anozenom. Ilpu pevicteuu xnopuga (PCls) win
opomuna (PBrs) docdopa (V) Ha anpAeruipl WK KETOHE! KHCIOPOX Kapbo-
HUIBHOM IPyIIbl 3aMEINAaeTca aToMaMHu rajgoresa. Haopumep:

CHg—“CHz—CH:O + PCZJ'_"'"'} CHj“CH}“CHCE} 7 POCfg
NPONUIOBLIU 1, 1- ouxnepnponan
anboezuo

Peaxyus ¢ cpenunzuopazunom. AnbIEriuapl U KETOHBI B3aUMOAEHCTBYIOT
¢ ¢emmmruapasuHoM (NH, — NH — CgHs); npy 3TOM BBIAEIAETCSA BOAA U 00-
pa3yroTcs GEeHWITHIPa3oOHbl ANbAETHIOB HIH KETOHOB!
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0
rR—C?
NH

anvdesud  QeHunzudpazuH enunzudpa3on anboecudd

“+ HQN*NH“C;;H_-;W R“CH”N—NH“C,jHj

QeHUNTHAPA30HbI ~ KPUCTAIUIMYECKHE BEIISCTRA, UX TMPHMEHSIOT MpH
BBIICJIEHHMM ¥ HAECHTH(UKALIAK aNbJETHI0B H KETOHOB.

1.2.4. Peaknuu, B KOTOPbLIX YYACTBYIOT YIVIEBOAOPOIHBIE PaHKAIb]
ANbJACIHAOB H KETOHOB

AJBIETHABL H KETOHBI BCTYNAIOT B PEaKIMIO HE TOJBKO TPH YYACTHH HX
KapOOHMIBEHOH TPYIUIBI, HO H 32 CYET CBI3aHHBIX C Hell YIJIEBOIOPONHBIX
panukanos. KapOoHwibHas rpynma OKasblBaeT ONpeleinéHHOE BIMSHHE Ha
TEYESHHUE STUX peaknuil. B npenenbHbIX anbaeruiax H KETOHAX O] BIUAHUEM
KapOOHMIIEHOM IPYNIibl 0co0YI0 MOIBIKHOCTE MPHOOPETAIOT ATOMBI BOIOPO-
Ja OpH YIIEPOAHBIX aTOMax, COCEMHMX ¢ 3TOH IPYIIION, MM KaK TOBOPIT
WHAYe, B ¢ — MOJJOXXECHHH K KapOOHMIIBLHON TPYINE; OHU JIETKO MOJBEPrarTCs
3aMEIEHHIO.

3amewjenue 6ooopoda 8 padurane Ha 2anozeH. BONOPOIHBIE aTOMBI B
pamuKaniax anblerHaoB M KETOHOB 3aMENIAlOTCA HA TalloreH Jierye, 4eM B
NpEeNeNbHLIX yriieBogopoaax. ['ajored 3ameniaeT moJBHKHBIE ATOMBI BOJIO-
pona B O — ION0XKEHUH K kKapOouunsHo#M rpyrme. Hanpumep:

(lj'f
CH; — CH, — CH; MC:H——-‘E—& CHy—CHy ~CH- C :fH + HCI
MACISIHBIN ATb0e2UO A-XJIOPMACIAHBIU AlbOe2U0

Peaxkyuu na 080UHYIO CEA3b OISl HENPEeOeNbHbIX Alb0e2Ud08 U KemOoHOs.
[Tono6HO THUNEHOBEIM YIIIEBOAOPOLAM HeTpeaenbHbIE ANbAETHUAL X KETOHEI
TAIOT XapakTepHbie peakiuy Ha 3TUIECHOBOIO OBOMHYIO CBA3b. OHH obeciBe-
4YUBAXOT pacTBop Opoma. Hampumep:

O O
y
CH, = CH- C:H—ﬁ”f—:» CH, ~CH - &
H
Br  Br
- aKkpoaeun a, f-0uUbpoOMNPONUOHO8HII
anedezuo
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2. IKCNepuMeHTanbHas 4yacrtb

2.1. llonxyuyenue aneroHa H3 aNeTaTa HATPHS

B cyxyro nmpobupky nomectute okoio 0,1 r o0e3B0KEHHOTO aLeTaTa Ha-
TpHuA (BBICOTaA CNIOS IOJKHA OBITH OKOJIO 3 MM). 3aKpOHTE HPOOHPKY IPOOKOH
C Ta300TBOAHOM TPYOKOH, HIDKHUI KOHEL, KOTOPOU OIyCTUTE B MPOOHUPKY €
6-8 xamismu Boabl. Jlepxka npoOUpKy ¢ aneTaToM HaTPUd B NOPHU3OHTAIEHOM
MIONOXKEeHUH, Harpeiite e€ Ha cnupTOBKE. 1laphel aleToHa KOHIEHCHPYIOTCA B
BOJIE, HAXOMAIEHCS B NPOOUPKE — NPUEMHUKE.

XuMH3M IIpoLecca:

O

J’O 4"‘""0 T |-1 i | -3
CH_—‘{'_C T NaO—(C — CHj m—p CHg“(_,"'- CHg + NﬂgL03
~ONa

[Tocne ocTeIBaHMS MEPBOM Npobupku A00aBbTe B HEE 1 KAIUKO KOHUEH-
TPUPOBAHHON COJIAHOM KHUCHOTHL [IPOUCXOIUT CHITBHOE BCTICHUBAHUE BCIIEH-

CTBUE BhIIcIEeHUA okcuaa yraepoga(lV).

Na,CQ; + 2HCI—> C0, + 2NaCl + H.0O

2.2. Ob6pazopanue YKCYCHOI'C AJIbernia u3 3THJI0BOI0 CIHPTA
NpH OTHIeNJIEHHH BOAOpoaAa (AeruIpHpoOBaHHKS)

[ToMecTHTE B CYXYIO IMPOOHPKY 3 MJI 3THIOBOTO CIHMPTa U 2 MJI BOMBI.
3aTeM B IUTAMEHH CIMPTOBKY MPOKAJIWTE CBEPHYTYID MEAHYIO IPOBOIOYKY,
IMPH 3TOM MeJib YepHeeT. ['opAauyro MEeIHYIO MPOBOJIOKY OBICTPO IIOMECTHTE B
NpoOUPKY CO CIHMPTOM M TOTYAC XK€ HEINOTHO 3akpoiTe mpoOkoH. Crmpt
OYpHO BCKHUIIAET, MOABISIETCS XapaKTEPHBIM 3amaxXx YKCYCHOTO albAeruja, a
MeJIHas IPOBOJIOKA CTAHOBUTCSA SIPKO — KPacHOM.

Korpa 6ypHoe KUIIEHHE CIMPTA IPEKPATUTCS, BCTaBhTE IIPOOKY IUIOTHEE
H OXJaauTe NpoOHMpPKY B CTakaHe C XONOoLHOW Bomou. Ilocie oxuraxkaeHus

nepeneite comepkuMoe MpoOUpKH B OPYryl0 IpoOupKy ¥ nobaBbTe K Hel
IPUMEPHO pPaBHBI O0BEM BOMBL, KOTOPOH IIPENBAPUTEIBHO OMONOCHHUTE

MEIHYIO TTPOBOJIOKY B MePBOii mpobupke.

[Ipn npokaymBaHWKU Ha BO3AYXE IOBEPXHOCTHL MENHOM IMPOBOJIOKH dac-
THYHO OKkucnsercd. O0pasyromuicad B BUIE O4YEHb TOHKOW IMNEHKHA OKCHUI
MEIOH B ropsdeM COCTOSHHMM JIEI'KO BOCCTAHABIMBAETCHA CIHUPTOM OO SAPKO —
KpacHOM MeTa/UIMYECKOH MeTH.
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XHMH3M nIpouecca:

H
1~ N 20
H;C—-C—-OH |+ CulO| > CHy=E + Cu + H,O
U [ SR NH
F"H 4
L 27
b .

[lomy4eHHbIi BOOHO-CITUPTOREBIH pPacTBOpP YKCYCHOIO aJbIETHOA COXpa-
HUTE IU1d onbita 2.3.

2.3. liBernan peaknusa HA AJNbACTHAbI
¢ PyKCHHCEPHUCTOM KHCIOTOH

B nBe npobupku noMecture pacTBOp (PYKCHHCEPHHCTON KUCIOTBHL U A0~
OapbTe B OJIHY W3 HHMX 2 Kaluld pacTBopa (pOpMaibIervna, a B OPYTYIO — 2
KaIid YKCYCHOI'O anbieruia, NoJIy4eHHOTO B OIbITE 2.2.

PacTBOp (PyKCHHCEPHMCTOMH KHMCIOTBI IpH noOaBieHHd pacTBopa (op-
MaIbJCTHIA TOCTENICHHO OKPAIlMBaeTCA B (PHOJICTOBBIN LBET, MpH mobaBie-
HUA YKCYCHOTO albAeTHJIa — B PO30OBO — (DUOJICTOBBIM IBET. DTa peakmys
SIBIACTCA KAYECTBEHHON peakuei Ha ajabaeTr b,

2.4. OTHOMIEHHE AJTBAETHI0B H KEeTOHORB K CJI20bIM OKHCIRTEISIM

B npobupky nomecrure 2 kanim pacTBOpa HUTparta cepedpa u NobaBbTe
| xammo pacrsopa ammuaka. OOpasyromuiics Oypelil 0cafok rHAPOKCHAA
cepeOpa pactBopure B M30BITKe aMMHaka. 3ateM npubassTe | xammo pac-
TBOpa (popMasiberiia ¥ MEJJIEHHO MOJorpeiTe colepxumoe NpoGUpKH Ha
criMpToBKe. U0 Habmonaere?

XHMH3M npouecca:

24gOH—> Ag,0 + H,0

Ag,0 + 4NH,OH —> 2[Ag(NH,),]JOH + 3H,0

0 0
H—C_ + [Ag(NHy) JOH—> F—CT  + Agl+ 3NH; + H,0
S
H ONH,

JTa peakuys SABIACTCA KAYECTBEHHON peakumed Ha ambaerugsl. OImBIT

IIOBTOpPHUTE C aueToHOM. Yro Habmomaere? ChHenaiite BEIBOX 00 OTHOIIECHUM
ANBICTHAOB ¥ KETOHOR K CJIA0BIM OKMCITUTEIISAM.
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2.5. BzaumMojaelicTBHE AJbAECTHIOB H KETOHOB
C THAPOCYNL(HTOM HATPHSA

B npoOupky moMecTHTe S5 Karellb HachIMIEHHOTO BOJHOIO pacTBOpa

ruapocyiakbuTa HATpHs ¥ S5 kanens (popmansaeruna. Cierka pasorpepuryocs
CMeCh OXJIaIUTE B JIeAJHOH 0aHe, OCTOPOIKHO NOTPUTE CTEKIISIHHOH Imajio4-
KOi O creHku npoOupku. CMech OCTaBbTe CTOATE. BCKOpe HauyuHAET BHIIIA-

NaTh KPUCTAJUIMYECKHI 0Ca0K THAPOCYIb(MUTHOrO MPOH3BOJIHOTO.

XUMH3M Mpouecca:

H —ﬁH s S irO;Na s ] —?H —S0;Na
>
O <——- OH
popmaivoe2uo 2UOPOCYIbPUMHOE
NPOU3BO0H0E

OmneIT IIOBTOPUTE C alieToHOM. YTO HabmogaeTe? Hanmmure ypaBHEHME
peaKLMH.

2.6. onyaeHne peHHIrnApasoHa YKCYCHOI0 ajibAernia

B npobupky NMOMECTATe 5 Kallellb COJITHOKHMCIOro (PeHWITHApasuHa U J0-
faBbTE HECKOJLKO KPUCTAUIOB alleTara HATPHA. 3aTeM IpH BCTPSXMBAHWK JIO-
6arbTe 4 Karui¥ YKCYCHOTO albAervaa. BemanaroT KpucTajuibl (eHWITHApasoHa.

XHMMH3M IIpoLecca:

CﬁHjNH_NHE'HCJ 2 CH_:.'CGON-‘:I >
“‘?‘CﬁHj—NH—NHQ T+ CHjCOOH + NaCl

CH;— C =/ O+HAN—NH — C4Hs —> CH;~ CH = N — NH — CsHs+H,0
| e G enunzuopazon
& VYKCYCHO20
arvdecuda

KoHTpOoJ/IbHBIE BONPOCHI

1. Jlate onpeneneHue QyHKUAOHAIEHON IPYIINIE albICTHIOR M KETOHOB.
Kakue coequHEHUS HA3bIBAIOT AJIBIETHIAMH, KETOHAMM?

2. HomeHKNaTypa 1 U30MEpPHA allbJIErHI0B U KETOHOB.

3. XyMHUYEeCcKHe CBOMCTBA albJECTHMI0B H KETOHOB. B 4€M CXOACTBO M
pasiddre B CBOMCTBAX albJETIHI0B U KETOHOB?

4. KauecTBEHHBIE PEAKITAN HA AJIBICTHIBI.
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JIABOPATOPHAA PABOTA Ne 4

KapboHoBble KMCNOTHI

Henb paGoTel: H3y4aTh CBOMCTRA KAPOOHOBLIX KHCITOT.

1. TeopeTUveckas 4acTb

KapOOHOBEIMH KHCIOTAMH HA3BIBAIOT NMPOM3BOIHbIE YINIEBOLOPOIOB, B

MOJIEKYyJIaX KOTOPBIX ONMH MIIH HECKONIBKO YIJIEPOIHBIX aTOMOB 06pasyroT
KapOOKCHIBHYIO IPYIIY, WITH KapOOKCHT:

~C~0H 15 R 151 — COOH

I
O

B 210l cnoxHOH (QYHKUMOHANBHOH rpyImie COeXMHEHBI APYT ¢ APYIOM
JBE IIPOCTBIE KHCIOPOJCOAEpKalle IpyNmMUpoOBKH KapbonuwnsHas >C=0 wu
FMAPOKCHIBHAA (HIH THAPOKCH-) rpymma-— OH. Bomopon xapBokcmisHO
rpynmsl 00yCHaBIMBAET KUCIOTHBIE CBOMCTBA KapOOHOBBIX KHCIOT. Yucio
KapOOKCHIILHBIX IPYINI XapaKTepH3yeT OCHOBHOCTL KHMCIOTHL B Monekynax
OTHOOCHOBHBIX KHUCJIOT — OfHA KapOOKCUNbHAS TPyINa, NBYXOCHOBHBEIX KH-
CIIOT — ABE KapOOKCUIILHBIE TPYIIITHI.

1.1. IlpenennsHbie 0AHOOCHOBHBIE KHCJIOTHI

1.1.1. Crpoenue. M3omepus

B cTpoeHHn B M30MepHH NPEeNbHEIX OIHOOCHOBHBIX KUCOT HABIIONA-
€TCA aHAJIOTHA CO CTPOCHUEM M U30OMEpPHEH anbIeruIoB.

KapOokcunbHas rpynma, Kak ¥ anbIeTHIHAS, MOKET ObITh 00pazoBaHa
JIAIIE TIEPBLIM YIJIEPOIHBIM aTOMOM.

IIpocTeinmid mpencTaBATEeNIs TOMOJNIOTHIECKOr0 psiia IPEAETbHBIX Ofl-
HOOCHOBHBIX KHUCJIOT — MypaBbMHAA KHCIIOTA

/?O

H-C-0H.

B Monexynax BceX ApYrux OZHOOCHOBHBIX KHCIOT KapOoKcHibHAS
rpynma COeMHEHa HE C BOAOPOIOM, & C YIVIEBOAOPOAHBIM PaIUKAIOM; WX
CTPOCHHE MOXKHO IPENCTaBUTH 00mel Gopmytoi

J’O

R-C-OH.
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O6mas GopMyiia NpeReNsHBIX 0HOOCHOBHBIX KHCIIOT C\fly, ) COOH.

Tt OMHOOCHOBHBIX KHCJIOT BO3MOXHA TOJBKO M30MEPHSA YIJIEPOIHOrO
ckenerta. Tak, cocras C3H,COOH AMEIOT ABE M30MEPHBIE IO YITIEPOIHOMY
CKEJIETY KHCIOTBI, KOTOPbIE HA3KIBAKOT MaCIITHBIMH KHCTTOTaMH:

-
CH;—CH;—CH;—%‘—-—OH C’H;—Cleil?*OH
0 0
MACJHHAA KUCIOomMdAd HIOMACHAARAA KUCIOMA

1.1.2. XumMuyecKHe cBOHcTBA

XUMHUUECKUE CBOMCTBA KapOOHOBBIX KUCIOT ONpENENstoTCsS CBOHCTBAMU
kKapOOKCHIBHOM IPYIIIBl U CBA3AHHOIO C HEM YIJIEBONOPOAHOrO paaukana, a
TAKKE WX B3aUMHBIM BIIHSHUEM.

OCHOBHBIE TPYHITBI peakuuii: a) OOyCHOBJIEHHBIE TOABHXHOCTBIO aTOoMa
BOLOpOja B Kapbokcuie; 6) OCHOBAHHBIE HA CIIOCOOHOCTH THAPOKCHWIBHOU
rpyibi KapOokcuia 3aMellaTsCs pasjMgHbIMH aTOMaM{ WM TpyNaMuy;
B) 3a CUET CBA3aHHOTO C KapOOKCUIIOM YIJIEBOJOPOIHOIO paiuKaia.

1.1.2.1. Hoodsuxcnocms 8000p00a KApOOKCUNbHOU 2PV B!

KapGoHOBBIE KHCIOTHI B BOAHBIX PAacTBOpAX HMCCOLMHUPYIOT, 00pa3ys
KaTHOHbI BOZOPOAA ¥ aHHOHBI KUCIOT (KapOOKCHIaTaHHOHE).

R-COOH €—= R-COO +H'

xapboHosas
Kucioma
CH; - COOH &2 (CH;-CO0 +H
YKCycHas AHUOH
Kucaoma YKCYCHOU

KUCTORb

[To>TOMY pacTBOpHMBIE B BOJE KapOOHOBBIE' KMCJIOTEI OKpamMBarOT
NaKMyC B KpacHBIM IIBET, IPOBOIAT JJIEKTPUYECKHH TOK, MMEHOT KUCIIbIN
BKYC, T.€. SIBJIFOTCS SJIEKTPOJIMTAMU U IPOSBISIOT KACIOTHBIE CBONCTEA.

Obpazosanue coneu. IIpyu B3aUMOJEUCTBAM ¢ OCHOBAHWAMH, C OKCUIAMH
WIK C aKTUBHBIMHA METAJUIaMH BOAOPOJ KapOOKCHIBHON I'pYIIBI KHCIOTHI
3aMEINAeTes Ha MeTaul B 00pasyroTcs coiv KapOOHOBBIX KHUCTIOT.
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CHjmﬁf-om NaOH ——> C‘ijﬁ.‘mONa—FHJO

0 0
VKCYCHAA ayemam
Kucroma HAMpuUst

1.1.2.2. Peaxyuu 3amMeueBUR 2UOPOKCUNA € KApOoKCune

I'BapoxcHnbHas Ipynia B KapOOKCHIIE KHCIOT MOXKeT OBITE 3aMelleHa

aToMaMH HIH TpyrmaMi (X); oOpasyromuecs Mpy 3TOM COSNHHEHHS Ha3bi-
BAIOT MPOM3BOIHBIMHM KapOOHOBEIX KHCIIOT, CTPOEHHWE HMX MOMHO TIpeIcTa-
BUTH 001IEH QOopMYIIOM
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|
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Obpasosanue zanozenan2udpudos rkapbonogeix ruciom. | HAAPOKCHI
KapOOKCUIBHOM IPYIIBI MOKET OBITh 3aMEINEH IaJIOreHOM.

R-—-ﬁwOH+Pij--——& R*E(E*CZ + POCI; + HCI

O 0
kapborosas XJIOPAH2UOPUO
Kucioma KapbOHOBOU KUCIOMb

Obpazosanue cnodicHeix 3¢upos. CIoXHBIMU 3(UpaMy Ha3bIBAKOT IIPO-
M3BOJIHbIE KapOOHOBBIX KUCIIOT, 0Opa30BaBIIVECH B PE3YJILTATE 3aMEICHUS
THAPOKCUITBHON IPYTITIBI B KApOOKCHIIE KUCIOTH Ha ocTaTok cnuprta —OR.

R-ﬁ*_om—f;ro-ﬁ’ }Rwﬁ?mO-RfﬁﬂHgO

O O _
Kapbonoeas CNIONCHBI
KUcioma shup

1.1.2.3. Peaxkyuu 3a cuém y2/1e6000p00HO20 PaduKa1a

["ajioreHs! MOIyT 3aMeiaTh BOJOPOM B YIVIEBOJOPOMHEIX pajuKanax Ku-
CIIOT, 00pa3sys raJloreHKapOOHOBLIE KHMCIOTHI; IPH 3TOM IO BIHSHUEM Kap-
OOKCHIIBHOM Tpyrmibl Hanbolee JIETKO 3aMEINAlOTCS aTOMBI BOXOPOJA B O—

MOJIOKEHUH K 3TOM Ipymme, T.e. NPU COCeNHEM ¢ KapOOKCUIIOM YIIIEPOIHOM
ATOME:
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Y 5 a a
CH; -CH, - CH;—-COOH + Bry=——> CH;~CH, - (IZ'Hw COQOH + HBr
Br
a~ OpoMMACIAHAS
Kucioma

2. JKCrnepuMeHTanbHasa 4yactb

Onpir 2.1. PacTBOpEMOCTH B BOJA€ PA3THYHBIX KHCJIOT

Tpy Karutd WX HECKOJIbKO KPUCTAINOB KaKIOH M3 MCCIeNyEMbIX KH-
crnoT B30anTaiiTe B MpoOUpKe ¢ 5 KarsMK BOJBL BECiH KHCIToTa HE pacTBOpSI-
ercs, npobupky Harpeire. ['opgaue pacTBOPEI OXTIAMHTE U OTMETHTE BBIIE-
NeHye KPUCTAIJIOB KUCIOT, PACTBOPHBINMXCS JIMIIL NPH HArpEeBaHUM.

JUrt BceX MapanfielibHblX Ipod OepuTe paBHbIE KOJIMYECTBA KUCIOTHI U

PaCTBOPHTEIS.

OunoiT 2.2. KHCI0THBIE CBOHCTBA KAPOOHOBBIX KHCJIOT

2.2.1. B tpu mpoOupku momMecTHTe Mo 1 Kalle pacTBopa YKCYCHOH KH-
cinotsl. B nepryro nmpobupky nodassre 1 Kaniio METHIOBOIO OPaHXEBOTo, BO
BTOPYIO — KAIIIO JIAKMYCA M B TPETHIO — KaIuo (edondraierna. B npodup-
Ke C MeTHJIOBBIM ODPAHKEBBIM IMOABJBIETCS KPacHOe OKpallMBaHHE, B IPOOHD-
Ke ¢ JTaKMyCOM — po3oBoe. DeHon(TanenH 0cTaéTcs OeCIBETHBIM.

2.2.2. B npofOupKy IMOMECTUTE 2 KaIliu pacTBOpa YKCYCHOM KHCJIOTHI U
n06aBsTe HEMHOro Marsus. K oTBepcTHiO NPOOUPKH IMOJHECUTE TOPSAIIYHO
nyauaky. HaGmronaeTcss BCHBIIIKA, COIPOBOMKMAIOLIASACA DPE3KHUM 3BYKOM,
XapaKkTepHbIM s BCIBIMIKH CMECH BOJOPO/JIa 1 BO31yXa.

XHMHU3M mpomecca:

4° /¥
2CH;—~C=OH + Mg—> { CH;—C-0-), Mg + H;

ayemam MazHus

2.2.3. B mipobupky HasedTe 2—3 KalUlM pacTBOpa YKCYCHOU KHUCIOTHI U
n06aBbTe HECKOJIBKO KPYIHHOK Kapbonara Harpud. K oTBepcTHIO TIpOoOUpKU

MOJHECHTE TOPAILYIO JIYYNHKY. JIyIuHKa racHer.
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XHMH3M nponecca:

0, P o,

7 v
— ONa + COs5 + H,O

L
2CH; — C—~0OH+ Na,CQ; ~—> 2CH; -

2.3. Obpaszosasue H FEAPOJIH3 AMETATA 3Kejle3a

B npoOupky moMecTHTe HECKONhKO KPHUCTAUIMKOB anerara HaTpus, 3
KaIlid BOMBI H 2 KaIluiy pactBopa xnopuna kenesa (II1). PactBop okpacurcs B
KEJITOBATO-KPACHBIH 1(BET, B pe3yiibTaTe 00pa3oBaHUs JKENE3HOH CONMH VK-
CyYCHOMH kucnoTel. PactBop Harpelite mo kunenms. ToTgac e BRINAMAIOT XII0-
b4 OCHOBHBIX COJIEH KpacHO-O0yporo mgera.

XHMH3M npouecca:

3CH;COONa + FeCl, > (CH;—~COO);Fe + 3NaCl
(CH,COO);Fe + HOH > (CH;— COO),Fe(OH) + CH;COOH
(CH,COO);Fe + 2HOH > (CH;— COO)Fe(OH), + 2CH,COOH
(CH;COO)sFe + 3HOH > Fe(OH); + 3CH,COOH

YKCYyCHasg KHCIIOTA, KaK U OONBIIMHCTBO KapOOHOBEIX KHCIOT, — cliabas
kucnora. IHooroMy e€ conu JerKo rUApoam3yroTcs ¢ 00pa3oBaHWeM OCHOB-
HBIX COJIEH M TIPOJYKTOB ITOJHOTO I'HAPOIN3a.

2.4. lloywenne >THIANETATA

B cyXyro npoOupKy NOMecTHTe HEMHOIO IOPOMIKa 00E3BOXKEHHOID alle-
Tara HATpUA (BBICOTA CJOA NO/KHA ObITH 1-1,5 MM) ¥ 3 KaruiM 3THIOBOIC

crvpra. HobGaBere 2 Kaly KOHLEHTPHPOBAHHOM CEPHOM KHCIOTHEL U OCTO-

POXKHO Harpeire Hal IulaMeHem ropenku. llosBurcs XapaxkTepHbld 3amax
STHNALETATA.

XHMH3M pouecca:

9, O
Z 4
CHj—C—ONH"{'HQSO‘;_—“‘} CHg—C-OH+NﬂHSO4
@, O
Z 7
CH; - C—-0OH+ C,HsOHZz=—=. CH; - C - 0C,H; + H,O
ITHIIALECTAT

BaxueHmmi crnocod IMOJydeHHA CIIOKHBIX 3(UPOB — B3aHMONEHCTRHE
KapOOHOBBIX KHCJIOT €O cnupTamMu (peakmus stepudukammu). B kadecTse
KaTa/IH3aTOPOB OOBIYHO NPUMEHSIOT KOHLIEHTPHUPOBAHHYIO CEPHYIO KUCIOTY.
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2.5. Ilpucoeanuenne 6pomMa K 0JICHHOBOH KHCJIOTE

B mpobupky nomecture 3—4 karum OpomHOM BONBI, OQHY KaIUIlO OJIEH-
HOBOM KHMCIIOTHI, SJHEPrAYHO B3OanTaiiTe. bpoMHas Boaa ob6eciBEYHBAETCS.

XHMH3M nporecca:

CH; — (CH,)7 — CH=CH — (CH,); - COOH + Br, >

> (CH;— (CH3)7— (ITH- C|7H*— (CH;)7 - COOH
Br  Br

KonTpoabubie BOXPOCHI

]. Kakas rpyriia Ha3seIBaeTCs: KapOOKCHIBHOM?

2. HeM ompenensaeTcs OCHOBHOCTh KapOOHOBBIX KUCHOT?

3. Kakue Tumel peakuuil xapakrepssl i1 kapOoHoBbix Kucnot? [Tpuse-
IATE TPUMEDEL. \

4. Hammnoiure CTPYKTYpHBIE (DOPMYINBI W30MEPHBIX KHCIOT COCTaBa
C5H304 H HA30BHUTEC HX.

5. Hamummre CTpYKTYpHBIC QOpMYJIbl CHEOYIOIOUX COEIMHEHMI:
a) 2,2 — nUMETUIIIpONIaHoRas KuciaoTa; 0) 2,4 — JUMeTHNIIEHTaHOBas KUCIIO-
Ta4; B) 2 — METHJI — 2 — MPONEHOBAA KUCJIOTA.
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