
OEbE.UVIHEHHbl J.1 
VIHCTVITYT 
51.UEPHbJX 

VI CCJIE.U OBAH VI J.1 . 
.[ly6Ha · P-2000 

11. CTapbi 

) 

l13YtiEHl1E KOMilnEKCOOEPA30BAHl1s:I 
AMEPI1Ul1s:I l1 ilPOMETl1s:I 

3KCTPAKUl10HHbiM METOnOM 

. 
" 

... 

. 



._<_·,',~, 

,( ',-) 

, ·i 

. ·P-2000 

H3Y'IEHHE KOMnnEKCOOBPA30BAHH.R 
AMEPHUH.R H nPOMETH.R 

3KCTPAKUHOHHbiM METOnOM 

Hanpasneno s mypnan 'PannoxnMns' 

k--------------""'1 
(,fi~~.eRICHeRHWJI JHCTin'p 

,, .. r·"'•tUX IICCJ1el911lt"'ll!l 

/ ot1611HOTEKA 



llng H3y'leiiHH KOMIIIIeKCOOOpa30Balll!ll TpancypaHOBbiX SIIeMeiiTOB, ocooeHHO Tl!NCeiibiX, 

llpHMeHeHHe HOTei!IIHOMeTpH'I9CKOrO, ClleKTp0¢0TOMeTpH'IeCKOro II IIOIIl!pOrpa¢n'leCKOrO MeTo

J:IOB orpaHH'I9HO B BHJ:IY MaiihiX KOIIH'I9CTB STIIX SIIeMeHTOB, llrrll onpe}:lerreHII>I COCTaBa II KOH

CTaH'l' yc'l'oli'IIIBOCTII KoMnrreKcoa 'l'pancypaliOBhiX aneMeH'l'OB y~:~ooHo llcnorrbaoaaTh MeTo/:lhi 

aneK'l'po¢opeaa, IIOlllloro ooMella II aKC'l'paKIIIIII, MeToA HOHHOro ooMella no cpaeHeHIIIO_C 

Me'l'onoM SKC'l'paKIIllll oona~:~aeT ABYMH H9AOCTa'l'KaMII, Bo-rrepBbiX, Koa¢¢nnneHT pacrrpe~tene

HII>I HOHOB Tpex- II '19Tblp9XB8II9HTHbiX M9TllniiOB MelKAY CMOIIOJI II DOJ:IHOJI ¢aaol! llOBOIIhHO 

BbiCOKHll II ero TPYJlHO orrpeAeiiiiTh c HeOOXOAHMOll TO'IHOCTbiO, Bo-BTOpbiX, B cnyqae oopa-

30BaHIIH H9CKOIIbKHX 38pHlK9HHbiX KOMIIII9KCOB p8C'19T KOHCTBHT yCTOli'IIIBOCTII 3H8'11I'l'91IhHO 

yCIIOliCH>IeTC>J, 8 CB>I31I C STHM Ali>! II3y'ieHH>I KOMIIIIeKCOB aMepiiiiii>I II HpOMeTIIll B HBCTOH

mel! pa5oTe Hp1IM9H>IIICH MeT0/:1 8KCTp8KIIIIII, B KB'IeCTBe opraHH'IeCKoro peareHTa, oopaayiO-

. mere SKCTparKpyeMbie BHYTpiiKOMnrreKCHbie coenHHeHIIH, npnMeH>IIICH pacTaop TeHOIIIITpnljrrOi'-

aueToHa (HTTA} a oeHaone, 

3KcTpBKIIIIH MeTarrnoe pacTaopaMII HTTA npoiiCXOAIIT no peaKniin 

MeN++N(HTTA) =(Me(TTA)) +NH+, 
org N org 

AIIH KOTOpOJI pBBHOBeCHaH KOHCTaHTa (KOliCTBHTa SKCTpaKiliiii} 

K= 
[Me (TT A) I [II+] N 

Norg 

[MeNt rlHTTA IN ... 

/1/ 

(1) 

(2} 

Ecnn aneMeHT npKcyTcTayeT a aonHoll ¢aae a aline caooonHoro HOHa MeN~ KOHCTaHTa 

SKCTpBKIIIIII 

K 

+ N 
[H I 

q 0 --:----,.,
[HTTAIN ... 

rne q 
0 

- Koa¢¢HnlleHT pacnpe~:~enenKH MeTanna. 

(3) 

HaMepgg eerrK'IIIHY 

CTaHTY SKCTpaKIIIIII, 

npii paaHhiX pH II [ HTT A I , nerKo onpenerriiTh KoH-
org 

B npiiCYTCTBIIII KOMnrreKC005paaoaaTeiig . H v R • oopaayiOmero He 8KCTpar1IpyeMbie 

KOMHIIeKCbl Me B , KOa¢¢11111IeHT pacnpeAeiieHHH MeTaiiiiB nanaeT , II KOHCTBHTbl ycToii-
n /2 3/ 

'IIIBOCTII {3 n OopaayiOmHXCH KOMnrreKCOB MOlK+HO Bbl'iiiCIIIITh no ypaaHeHIIIO ' 

V- K [H IN 
__j_g_ -1 = ~ (3 [ B I·= - 1 , 

q n=I n [HTTA ]!'I q (4} ... 
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rne q - xosqJ¢uuuenT pacrrpeaenenun MeTanna a rrpucyTCTBHH KOMrrnexcoo6pa30BaTenn. 

H3 ypaanen11n ( 4) cnenyeT, 'ITO ann orrpeaeneHHn aenn'lHHhi acex aoanuxaromnx KOM-

IIII9KCOB IIOCTATO'lHO H3M9pHTb K03¢¢HUH9HT pacnpea9II9HHn M9T8IIII8 q rrpu pa3HbiX pH 

H KOIIU9HTpaUliHX BHHOHB KOMII1!9KCOOOp830B8T91!H BV., KOTOpb19 MOlKIIO Bbl'lHC1111Tb B3 HC-

XOIIHOi! KOHU9!1Tp8UIIll KOMIIn9KCOOOp830BBTenH II VB 
/3/ 

UIIBUIIll 

II COOTB9TCTBYIOIIIIIX KOnCTanT aucco-

3KCII9PIIM9nTaJibHan qaCTb 

B rrpooupxy c rrpnTepToll rrpooxoll anocnnocb uanecTnoe xonuqecTao TpexnanenTnoro 
241 4 . 147 5 

AMepHIIlln ( Am ; "' 10 IIMII/MHH) 
1 

IIpOM9TIIn ( Pm ; "'10 HMII/MHn) ll KOMrrneKCQ-

OOp830D8T9IIb, IIOCII9 'l9f'O ycTanBB1!HB8IIOCb nyl!moe pll C IIOMOillbiO BOanoro paCTBOpa 

aMMIIBKa II COIIHHOJI KI!CJIOTbi, 00'b9M paCTnopa IIyTBM nooanneHUn XIIOpHCTOI'O aMMOHHn 

COOTneTCTnyromei! KOIIUBHTpaiii!H aOBOIIHJICn no 2,00 MJI C TaM, 'l'I'OOb1 HOHHan CUJia paCTBOpa 

ohm a panna 0, I. K aonnoi! <jlaae rrpuoaannm<cb 2,00 MII 0,5 M pacTnopa HTT A n oenaone 

H rrpooupKH nCTpnXHBaiii!Cb B T9'l9HI!9 H9CKOJibKHX 'lacon, 8 rrpennap11T9JibnbiX 01Ib1TBX 

ohrno nai!aeno, 'l'!'O 3KCTpaxnuonnoe paanonecue nocTuraeTCB Menee 'laM 3a qac, TonbKO 

B rrpucyTCTni!H 9TIIII9HilHaMHHT9TpayKcycnoll ll 1 ,2-nHaMHHIIHKJIOI'9KCaHT9TpayKcycnoi! KHCJIOTb1 

ann aocTHlKenun paanoaecun TpeoyeTcn necxonbKO qacoa. ITocne oTnenenun <jla3 H3Mepnnocb 

paanonecnoe pH, pH -MeTpOM (PanuoMeTp PHM36, Korrenraren) u OToupanucb anuxnoTnbie 

qacTn no 0,20 MJI opranH'leCKOJ1 u nonnoi! .paa n 'larneqxu u3 neplKaaeromei! cTann, ITocne 

nhiCyrnunaHUH non HH<jlpaKpaCHOH JiaMnOll 00p83llb1 npoKanunanHCb npH TBMnepaType 350-400°, 

B nexoTophiX cnyqaux nepea npoxanunanneM ocTaTOK opranuqecxoro pearenTa pa3pyrnancn 

xnopnoi! xucnoToll, Kos<jl<jlnuaenT pacrrpeaeneHI!B aMepuuun onpenenBJICB no a -aKTHnnocTu 

na ycTanoaxe B-2, npoMeTnn - Topuenb1M cqeT'lHKOM MCT-17. 

Bee sxcnepnMellTbi npoaonnnncb upu TeMnepaType 20°C. 

CoBM9CTnan 9KCTp8KUHB npOMeTHSI li 8M9pHUliB JI03BOJ111Jla onp9l191IHTb He TOJlbKO KOn

CT8HTb1 yCTOH'lliBOCTH anyx 9JI9M9nTOn 113 Orrnoli cepHH OIILITOn, no ll II03BOJiliJ18 nallTli C 

nb1COKOil TO'lnOCTbiO pa3HOCTb MBlKIIY KOHCTBHTBMll yCTOll'!linOCTU KOMJIJ19KCOn aMepliUliB 

H npOMBTHH. 

PeaynbTBTh1 11 oocy)l{nenun 

B Taonuue 1 npnnenenbi nannhie no onpenenenuro xoncTanT sxcTpaxnun aMepnunB u 

npoMeTnn, H3 nony<tennhiX pe3yJibTaTon cnenyeT, 'ITO xoncTanTa aMepuunn (log K ~7,48±.,0,03) 

Bb1III9 KOHCT8HTb1 npOM9TIIB (log K =-7,82±.,0,03), 3TH IIBHnhi9 COOTneTCTnyJOT llliTepaTypl"' 
/1/ 

HhiM log K nnB Am -7,48, nnn Pm -8,05, 

4 

___.___ 

3H8'l9HHn (~ - 1 ) IIIIn TapTapBTHb!X KOMIIIIBKCOB 8M9pHUHn H 1IpOM9THn rrpHBBae-
q 

HHn npnaeaeHbl na pnc. I. H3 pucynxa anano, 'ITO ace sxcnepnMenTaiihHbie TO'lKH rrelKaT 

Ha oanoll KPIIBOll, HaKIIOII KOTOpoll H3M91ln9TCH OT 1 (ann HU3KHX 3H8'!9BHll [a v. I no 2 
.v. 

(nnn Bb!COKIIX 3H8'19BHII [ B I . ) . 3To OOCTOnTenbCTBO YK83b!B89T na oopaaoaanue KOM-
+ -

nneKCOB THIIB Me Tart B Me Tart 2 • KoBCTBBTa yCTOH'lHBOCTB, Bbl'lHCII9BBan M9TOaOM ne-
/41 3 - 5 

nena , pnn Am Tart paana 8•10 ( log/31=3,9). ann AmTart 2 - 6·10 (logf! 2
3 6178). 

KoncTanTb1 ycTollquaocTu nnn TapTapaTnbiX KOMrrnexcoa rrpoMeTun HMeJOT onnnBKOBble ana-
/5/ 

'IBHII.H ( log {31 =3,9; log {32 •6,8), ManHHnr npnaoanT nng 3TliX KOMrrnexcoa rrpoMeTHSI 

cnenyromue anaqennn: log/31 a3,99, log f3 .=6,48. Ha pHcynKe 1 rrpuaenenbi TBKlKe ana'l9lill51 

( ~-1) nnn oxcanaTHbiX KOMrrnexcon aMepunnn n rrpoMeTnHo KoncTanTa ycToi!qnnocTn KOM-
q -

rrnexcoa Am Oxa1 2 n Pm Oxal 2 , orrpeaenennan MeToaoM 
8 8-

nenana, panna IIpHOIIH3HT91IbHO 
8- 11 

Pm0xal 3 ·panna 6·10 II 2•10 (log (3
2
,. 8,3); KOnCTBBTB yCTollqnnoCTli Am Oxal a 

/6,71 
( log Pa = 11,8). neoeaen c COTpynBBKilMH MeToaoM pacTnOpHMOCTli B HOnnoro OOMena 

HBIIIJIH CJieayromne 3na'l9HHH T9pMOallnBMli'l9CKIIX KOnCTBnT yCTOH'llinOCTB OKCBJIBTnbiX KOM-

nnexcon aMepnunn: log f3 1 = 7,0 -7,3; log {32 = 11 ,2- 11,5; logf33 •12,3. MoCKBIIII C COT-

pynnnxaMn
181 

onpenennn npn IL ~1 ,0 MeToaoM uonnoro ooMena xoncTanTy ycToll<tnnocTn 

Am Oxal; 
9 

paanoi! 9•10 (log {1 2 =9,96), Harnn aanHb19 nnB log fJ a COOTB9TCTnyroT pe3y1Ib-

TaTeM neoeneaa; ana'!eHHe log f3 2 • OIIpenenennoe neoenenb1M li Mocxnnnb!M, K8lK9TCn 

CJiliiiiKO~ nbiCOKliM, TBK KBK nnn OKCBJiaTnOI'O KOMIIJ19KC8 enpOUHS!, yCTOll'lHnOCTb KOTOpOI'O 

nonlKHa ob!Tb onnaKa K ycTol!qnaocTn oKcanaTnoro KOMnnexca aMepnunB, Kepellqyx n ITapa-

/9/ 
Monona npnnon>IT ana<tenuB log f12 =8,6 n log f13 =11 ,5. 

naHHb19 no 9KCTp8KUHli 8M9pliiiliH li IIpOMEITHB B npnCyTcTnliH nnTpHnoTpliyKCYCHOH 

xncnoTh1 (H
3 

X) upnneaenh1 n Taonnne 2, Ha peaynbTaTon cnenyeT, 'ITO n oonacTn pH 3-5 
a-

n npncyTCTBIIll 0,005-0,020 M H 3 X o6pa3yJOTCn KOMIIJI9KCbl Am x2 ( log .a. =19, 71±.,0,03) 

li Pm x:- (log {32 -19,74±.,0,03). ITpn oonee nli3KliX ana'!BHHHX pH li [HaXl oop83YIOTCS! 

nellTpanbnh19 KOMnJieKCbl Am X H PmX (log{J
1
,.ll), B JIHTepaType noxa neT IIBHHb!X no 

li3yqenHIO KOMJIJ19KCOn 8M9PliJIBn li rrpOMBTHn C nnTpHJIOTpliyKCyCnOll KliCJIOTOi!, !13 Cpannennn 
/10/ 3-

c peaynbTaTaMn AHIIeperra cnenyeT, 'ITO ycToll'!HnocTb KOMnneKca Pm X 2 nblrne 
3- a-

ycTollqnnocTH Nd X
2 

( log f3 2 = 19,54) n MeHbrne ycTollqnnocTH Sm X 2 (log f3 2 =· 20, 43 ). 

ITpn nay<tennn KoMnnexcon c sTnnenanaMnnTeTpayxcycnoll KncnoTol! (H4 Y) ~no nail-

neno, 'frO npn pH 3,8-5,3 OopaayeTCB KOMIIJ19KC Amy- (Jog {JI a 16,91 ±.,0,04) li 

Pm Y - ( log tl
1 

= 16,94±.,0,04). KoncTanTa ycToi!qnnocTn ananorn'lnoro KOMrrnexca neoanMa 
/11/ /12/ 

log f3 1=16,61; caMapnB log f1 1 =17,14 • ITpn nepec'!eTe nannhlx llineaona na nonnyro 

CliJIY 0,1 log {3
1 

IIJIB KOMJIJ19KC8 npOM9Tllll panen npnoJIH3liT91lbHO 16,6, nanHb19 ct>y:i!<ep/
131 

nnH AmY-( II' =0,1; log {3 1=18,16) li MocKBnn/
8

/ ( IL• =1,0; logf3,=18,0) no-nHIIliMOMY ) , 
38Bbiii19Hbl; no 3TliM llBHHbiM 8M9PliiiHll ·no yCTOH'llinOCTll CnOliX KOMIIJI9KCOB 38HliM81I Obi MaC-

TO MelKaY TeponeM 11 nucnpo3aeM. 

5 
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YcToli'IHBOCTb KOMnneKCOB aMepHIIH!I H npoMeTH!I c 1 ,2-nHaMHHUHKooreKcaaTe-rpayKcyc-

aoli KHCnOTOli (H 4 Z) Bb!IIIB yCTOH'IHBOCTH COOTBBTCTBYIOIIIHX KOMnneKCOB C H4Y ( log',8 1 = 

18,21 nnSI AmZ- n log ,8
1 

=18,17 nnSI Pm Z -, eM, Taon~<ny 4), 

B TBOOHIIB 5 npHBBIIBHO cpaBHBHHB KOHCTBHT yCTOJlqHBOCTH KOMnneKCOB 8MBpH1lHS! 
/5,10 11 14/ 

H npOMBTHSI, nonyqeHHhlX H8MH
1 

C OHTepaTypHblMH IIBHHblMH ' 0 
, !1a TBOOHIIbl cne-

nyeT, 'ITO no YCTOH'IHBOCTH H3Y'!BHHhlX KOMnneKCOB aMepHIUili OnHlKB K npOMBTHI00 'IBM K CBo

BMY aaanory eHponHIO, 8To oocTOSITenbCTBO MOlKHO OO'bHCHHTb TeM, 'ITO HOHHhill pan~<yc 

aMepHUH!I (0,99) OnHlK9 K HOHHOMY panHycy npOM9THSI (0,979), '19M 9BpOnHSI (0,850), 

BbiBOIIbl 

1. Onpeneoeaa KOHCTBHTa 3KCTpaKUHH aMepHIIHSI (log K =-7,48) H npoMeTH!I 

(log K =- 7,82) c TenoHnTpllljJTopaneTOHOM, PacTBOpHTenb - oenaon, 

2, 0npe!leneH COCTaB H KOIICTBI!Tbl yCTOH'IHBOCTH KOMHneKCOB aMepmtHSI H HpOMBTH!I 

C BHHHOH KHCOOTOli (log {3 1 =3,9; log fJ2=6,8 IIOSI Am H Pm ), CO IIIBBBnBBOH KHCnOTOli 

( log ,B 2 = 8,3 log ,8 a = 11,8 /lOS! Am H Pm ) , C HHTpHnOTpHyKCyCHOli KHCnOTOii 

(log {3
2 

= 19,71 AnSI Am 1 log {32= 19,74 !lnSI Pm ), C 3THnBH!lH8MHHTBTpayKCyCHOli KHCOO-

TOH ( log {3 1 =16,91 !lOS! Am H 16,91 noSI Pm ) H 1,2-nHaMHHUHKooreKcanTeTpayKcycnox1 

KHCOOTOll ( log {3 1 = 18,21 !lnSI Am H log{3 1 = 18,17 IIOSI Pm ), 

3, IToKa3ai!O, 'ITO KOMIInBKCbl aMBpHIIHS! no yCTOH'!HBOCTH OOJilKB K KOMOOBKCaM npoMe-

THSI, "19M K KOMnneKCBM eBpOflHSI. 
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TaeinHua 

OnpeneneHnSI KOHCTaHThi 3KCTpaK!lHH aMepHnHSI " npoMeTHH 

log q
0 logK 

pH 

Am Pm Am 

2,17 -1,7 -7,31 
2,41 -1,22 -7,55 
2,57 -0,82 -1,04 -7,63 
2,64 -0,49 -0,86 -7,51 
2,66 -0,50 -0,82 -7,58 
2,69 -0,22 -0,13 -7,39 
2,74 -0,13 -0,54 -7,45 
2,77 0,02 -0,17 -7,39 

'2,82. 0,12 -0,20 -7,44 
2,96 0,41 0,14 -7,57 

---·-------- --

Pm 

-7,85 
-7,88 
-1,90 
-7,90 
-7,86 
-7,58 
-7,76 
-7,84 

-7,48;!:0,03 -7,82!0,03 
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pH 

2,86 
2,97 
3,02 
3,03 
3,29 
3,62 
3,63 
4,21 
4,34 
5,II 

Tat5nnna 2 

OnpeaeneHne KOHCTBHThi ycToa~aocTn KOMnneKcoa aMepnnna 
H npOMSTHH C HHTpHnOTpHyKCyCHOH KHCnOTOH 

logq log f3 2 
[I~X I' 

Am Pm Am 

0,020 -1,9 19,74 
O,OIO -1,5 I9,8I 
0,005 -1,8 19,74 
O,OIO -1,26 -1,63 19,64 
0-,0IO -I,I5 -1,42 19,64 
O,OIO -I,OO -1,39 19,77 
0,020 -I, 50 -1,98 19,67 
0,005 0,16 -0,14 19,73 
O,OIO -0,23 -0,65 19,67 
0,014 0,41 -0,38 19,69 

Pm 

19,64 
19,57 
I9,8I 
I9,8I 
I9,7I 
19,75 
19,87 

I9, n:o, 03 19, 74~0, 03 

Tat5nnua 3 

OrrpeaeneHne KOHCTBHTW ycTofiqnaocTn KOMnneKcoa aMepnuna n npoMeTHH 
C STHneHaH8MHHTeTp8yKCyCHOH KHCnOTOH 

log q log{3
1 pH [a. v 1 • 

Am Pm Am Pm 

3,78 O, OOIO -2,0 16,85 
4,54 O,OOIO -1,20 16,81 
4,56 0,0020 -1,20 16,83 
4,66 0,0010 -1,25 16,98 
4,79 O,OOIO -1,20 -1,44 17,05 16,96 ! 

4,85 0,0020 -1,21 -1,66 16,83 16,94 
I 

I 

5,09 O, OOIO -I,O -1,36 16,79 I6,8I 
5,10 O,OOIO -0,82 -I,I5 17,00 16,99 
5,34 O, OOIO -0,50 -0,80 16,94 16,90 
5,59 0,0020 -0,50 -0,86 17,06 17,08 

16, 91::!;0, 04 16,94:0,04 

8 

Tat5nnua 4 

OnpeneneHne KOHCTanT ycTofiqHBOCTa t:oMnneKcoa aMepnuHH n rrpoMeTIIH c 1,2-aHaMHHe
lliiKnorexcaHTeTpayKcycHoft KncnoTott 

log q log{3
1 

pH [H4Z 1 
A-u Pm Am Pm 

3,83 o,ooro -I, 70 -2,2 I8,II 18,27 
4, 09 O, OOIO -1,8 -2,1 18,43 18,40 
4,II 0,0020 -1,9 -2,2 18,26 18,22 
4,21 0,0020 -1,5 -2,0 17,93 18,09 
4,20 O, OOIO -1,43 -1,56 I8,I5 17,94 
4,32 0,0020 -1,36 -1,69 17,89 17,88 
4,51 O,OOIO -I,3I -1,54 18,30 18,17 
5,22 O,OOIO -0,50 -1,00 18,22 18,38 
5,46 0,0020 -0,67 18,35 
5,51 0,0020 -0,72 18,44 

L_ 

I8,2I::!;0,07 18,17:0,07 

g 
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