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Isda su-PEQ, su-PEQ-LiOH, su-PEQ-NaOH va su-PEQ-KOH sistemlarinin 293,15-
323,15 K temperatur vo PEQ-in 0-0.001 molyar hissa konsentrasiyast intervalinda dinamik
ozliiliyii va suligi olgiilmiigdiir. PEQ-in molekulyar kiitlasi 1000 va 4000 olan fraksiyalarina
baxilmigdir va su-PEQ-LiOH, su-PEQ-NaOH, su-PEQ-KOH sistemlarinda asaslarin (LiOH,
NaOH, KOH) konsentrasiyast 0,01 molyar hissa gotiiviilmiisdiir. Tacriibi naticalardan istifada
edarak tadqiq olunan sistemlorin baxian temperatur va konsentrasiya intervalinda ozlii
aximinin aktiviagma parametrlaori va mahlulda PEQ-in parsial molyar hacmlan hesablanmug vo
bu parametriorin PEQ-in konsent liliglar tahlil edilmisdir. Miiayyan olun-
mugdur ki, PEQ ham suya, ham da su-LiOH, .nl-NaOH va su-KOH sistemlarina strukturlas-
dirict tasir gostorir, lakin LiOH, NaOH, KOH-mn istiraki uygun ardicilhgla PEQ-in struktur-
lagdirict tasirini miiayyon qadar zaifladir. Bu isa LiOH, NaOH. KOH-in uygun ardicilligla
struktura gostordiyi dagidici tasirla alagadardir.

Agar sbzlor: polietilenglikol, LiOH, NaOH, KOH, &6zli axinin aktivlosma para-
metrlari, parsial molyar hacm, suyun strukturu

Malumdur ki, bioloji obyektlarin funksiyanal faaliyyati suyun strukturu
ilo miioyyan olunur va sulu mohlulun fiziki xassalori onun tarkibindaki
komponentlarin tabiotindan ciddi sakilda asihdir. Qeyd edak ki, sulu mohlulla-
rin yaranmasi zaman bir sira proseslor miisayiot olunur. Bu proseslar su mo-
lekullari, hallolan maddo molekullar va su-hallolan madda molekullar ara-
sinda bay veran qarsiligh tasirlarla alagadardir. Belo molekulyar qarsiligh to-
sirlor hidrogen, ion-dipol vo digor név rabitalorin yaranmasi hesabina ilk
novbado mahlulun 6zlii axin va hacmi xassalarina tasir edir [1-6]. Buna géra da
sulu mohlullann 6zlii axin vo hacmi xassalorinin tadqigi, miasir fiziki-
kimyada, biofizikada boyiik ahamiyyat kasb edir.

fsda su-PEQ, su-PEQ-LiOH, su-PEQ-NaOH va su-PEQ-KOH sistem-
lorindo struktur xiisusiyyatlari 293,15-323,15 K temperatur va PEQ-in 0-0,001
molyar hisso konsentrasiyas: intervalinda viskozimetriya va piknometriya
metodlan ilo tadqiq olunmugdur. Polietilenglikolun (PEQ) molekulyar kiitlasi
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M, =1000 V3 Mg, = 4000 olan fraksiyalarina baxilmigdir v su-PEQ-LiOH, .
rEQ

PEQ-NaOll, su-PEQ-KOH sistemlarinda galavi metal hidroksidlarinin (LiOH,
NaOH, KOH) konsentrasiyast 0,01 molyar hissa gotiiriilmiisdiir. Tadqiq olunan
mohlullanin qeyd olunan temperatur va Konsentrasiya intervalinda dinamik
ozliiliiyii va sixhig dlgiilmigdiir va tacriibi giymatlor asasinda mohlullarin 62
aximnin  aktivlesma  Gibbs  enerjisinin (aG;), 6zl aximmin  aktivlasms

entalpiyasinin (47 ), 871 aximnim aktivlasma entropiyasinin (as;), mohlulda

PEQ-in parsial molyar hacminin (17) qiymatlori hesablanmigdir va PEQ-in
konsentrasiyasindan asililiqlar tahlil olunmugdur.

Tacriibi va nazari hissa

Tadgigat obyekti va dlari. Tadgiqat obyekti olaraq molekulyar
kiitlasi 1000 va 4000 olan PEQ, LiOH, NaOH vo KOH gétiirtilmiisdiir. [stifada
olunmus maddolor kimyavi safdir. Mohlullarin hazirlanmasinda bidistilla
edilmis sudan istifade olunmusdur. Isdo ozliiliik kapilyar viskozimetrla, sixhq
isa piknometrls 6lgiilmilgdiir.

Mayelarin 6zlii aximinin Eyring nozariyyasina [7-9] gora 6zIii aximinin
aktivlasma Gibbs enerjisi (AG; )

AG; =RTIn L (1
0
ifadasila tayin olunur. Eyring nozariyyasina [7-9] gora
=2ihp, 2
M
olur. Burada R -universal qaz sabiti, N, -Avoqadro adadi, 4-Plank sabitidir
M -mohlulun molyar kiitlasi olub
M=3 M, )
-
ifadasila tayin olunur [8]. x, vo M, uygun olaraq i-ci komponentin molyar
hissasi vo molyar kiitlesidir. 7 miitlaq temperaturunda mayenin dinamik
ozliliyli () va sixhigi (p ) tacriibada tayin olunur,
(1) ifadosini termodinamikadan malum olan [7-9]
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olur [8, 9]. (1) ifadasindon AG,; va (6) ifadasindan AH; toyin edildikdon
sonra (4) ifadosilo 6zIii aximin aktivlosms entropiyasi (AS;) hesablanir.

Mbohlulda PEQ-in parsial molyar hacmi ( I7)

V:Vm+(l~x{%J 1%
BX (2
diisturu ils tayin olunur [8, 10, 11]. Burada ¥, -mahlulun molyar hacmi olub,
y =M _ZxM, ®)
PP

diisturu ilo hesablanir [8].

Alinmus naticalarin miizakirasi

Su-PEQ, su-PEQ-LiOH, su-PEQ-NaOH va su-PEQ-KOH sistemlarinin

293,15 K temperaturda 6zlii axininin aktivlosmo Gibbs enerjisinin (AG;) va

6zlii aximnin aktivlosmo entalpiyasimn (AH;) PEQ-in konsentrasiyasindan

(x) asihliglari cadval 1 va cadval 2-da, 6zlii axininin aktivlasma entropiyasinin

(AS;) PEQ-in konsentrasiyasindan (x) asihiliglart isa gokil | va saokil 2-da
gostorilmisdir.

Cadval 1

Su-PEQ, su-PEQ-LiOH, su-PEQ-NaOH, su-PEQ-KOH sistemlorinin 6zli aximinin
aktivlasma Gibbs enerjisinin PEQ-in konsentrasiyasindan asithligi (C/ mol).

(T =293.15K , x,,, =001, x,,, =001, x,,, =0.01).
i o M gy = 1000
Su-PEQ Su-PEQ-LIOH [ Su-PEQ-NaOH Su-PEQ-KOH
0 9292 9598 [ 9549 9457
0.0001 9373 9683 [ 9603 9533
0.0002 9423 9750 [ 9691 9632
0.0004 9610 9897 [ 9813 9765
0.0006 9735 10088 9993 9887
0.0008 9920 10196 10172 10069
0.001 10064 10385 10282 10165
M pgo = 4000
) Su-PEQ Su-PEQ-LIOH | Su-PEQ-NaOH Su-PEQ-KOH
0 9292 9598 9549 9357
0.0001 9711 9995 9939 9863
0.0002 10162 10427 10376 10306
0.0004 10978 11217 10972 10806
0.0006 11749 11869 11928 11873
0.0008 12449 12655 12824 12566
0.001 13081 13480 13242 130% |
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Su-PEQ, su-PEQ-LiOH, su-PEQ-NaOH, su-PEQ-KOH

Cadval)

sistemlorinin 6zlii axininin
dan asiiligi (C/ mol).

piy PEQ-in

(T=293.15K , x,,, =001, x,,, =001, x,,, =0.01).

M g =1000
) Su-PEQ | Su-PEQ-LIOH [ Su-PEQ-NaOH Su-PEQ-KOI
0 17397 17619 17417 16755
0.0001 | 17543 17813 17602 16860
00002 [ 17643 17908 17690 17088
0.0004 [ 17897 18044 17900 17380
0.0006 [ 18059 18279 18089 17542
0.0008 [ 18333 18553 18387 17929
[0.001 18503 18701 18527 18164
b M,y = 4000
Su-PEQ [ Su-PEQ-LiOH Su-PEQ-NaOH Su-PEQ-KOH
0 17397 17619 17417 16753
0.0001 [ 17926 18179 17959 17361
["0.0002 [ 18508 18713 18529 17922
0.0004 [ 19465 19618 19475 18732
[0.0006 [ 20452 20577 20443 20043
0.0008 [ 21315 21432 21677 20954
[v.001 22158 22506 22141 21753 i
07, C 32 5
" K -mol " K -mol 1
2
B Lo % 3
3 4
28 s s 3 A
4
/ 28
26 . e
/ i
24 4 2 X
0 0.0002 0,0004 0,0006 0,0008 0,001 0 0,0002 0,0004 0,0006 0,0008 0,001

$ak. 1. Su-PEQ (1), su-PEQ-LIOH (2), su-
PEQ-NaOH (3), su-PEQ-KOH (4)
sistemlarinin 8zl aximnin aktivlagma
entropiyasinin PEQ-in konsentrasiyasindan
asthiligi ( M?ED =1000).

(T'=29315K , x,,,

Sok. 1 Su-PEQ (1), su-PEQ-LiOH (2),
su-PEQ-NaOH (3), su-PEQ-KOH )
slslem!arinin 6zl axinimin aktiviogma
entropiyasinin PEQ-in konsentrasiyasindan
asthhg ( M,,m =4000).

=001, x,,, =001, x,, =001).
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Cadval 1, cadval 2 va sakil 1, sokil 2-don goriindilyii kimi, tadqiq olunan
istemlor iicin & . . a - N
sistemlor diglin 6zlii axinin aktivlosmo parametrlari (AGy, AHZ, ASy)
verilmig temperaturda konsentrasiyamin artmasi ilo artir. Malumdur ki, AG*

% n
molekulun bagh haldan aktiv hala kegmosino sarf olunan enerjidir, AH?

2 n
mahlulda yaranan doyismalari enerji baximindan, AS; isa struktur baximindan
xarakterizo edir. Belo ki, konsentrasiyanin artmasi ila AG; -nin  artmasi
molekulun potensial ¢apari kegmosina daha gox enerji sorf olunmasini, AH; -
in artmasi sistemin daha méhkom struktura malik olmasini, AS, -in artmas iso
sistemin daha strukturlagmig hala kegmasini gostorir [1-9]. Ozli axinin
aktivlosmo parametrlorinin (AG;, AH;, AS;') konsentrasiyadan asilihqlarima
asasan deya bilarik ki, verilmis temperaturda tadqiq olunan sistemlor PEQ-in
konsentrasiyasinin artmast ilo daha strukturlagmug hala kegirlor.

Sakil 1 va gokil 2-don gériiniir ki, su-PEQ sistemina eyni konsentrasiyali
(Xg0n =0.01, Xy, =0.01, x4, =0.01) LiOH, NaOH va KOH alava etdikda
verilmis temperatur va konsentrasiyada AS; parametrinin giymati uygun
ardicilhqla azalir. Bu onu gdstorir ki, su-PEQ sistemino LiOH, NaOH va KOH
slava etdikdo PEQ-in mohlulu strukturlagdirmasi uygun ardicilhgla zoiflayir.
Bu iso LiOH, NaOH va KOH-1n su-PEQ sistemina uygun ardicilligla daha gox
dagidic1 tosir etdiyini gostarir. Bu noticoni izah etmok igiin ionlarla su
molekullari arasinda méveud olan elektrostatik qagiliqli tasir hesabina yaranan
hidratlagma prosesino osaslanacagiq. Qeyd edak ki, Li" ionu ila miiqayisada
Na* ionu, Na® ionu il> miiqayisada isa K~ ionu nisbatan zaif hidratlagmaya
malik oldugundan [8,12], gériiniir, LIOH-a nisbaton NaOH, NaOH-a nisbaton
iso KOH verilmis temperatur va konsentrasiyada su-PEQ sistemino daha gox
dagidict tasir edir. .

Su-PEQ, su-PEQ-LiOH, su-PEQ-NaOH va su-PEQ-KOH siftcmlarmda
293,15 K temperaturda PEQ-in parsial molyar hacminin (V) PEQ-in
konsentrasiyasindan ( x ) asihiliglart sakil 3 va sokil 4-da gostorilmigdir.

Sakil 3 vo yokil 4-don goriindiiyii kimi, todgiq olunan sistemlar lgiin
mahlulda PEQ-in parsial molyar hacmi (V) PEQ-in konscntmsiyan.m a.rlmuﬂll]a.
azalir. Molumdur ki, i-ci komponentin parsial molyar hocmi yenlm1§ lark{bh
sistema homin komponentdon 1mol alava etdikda h:{cmln dayiymasino
barabardir [8,10]. Deya bilarik ki, bdyiik ol¢iilii assosiatlarmn tazadakl_hocm payl,
boliinditkkda onun ayri-ayri hissalarinin fazadaki hacm puylar, commdan_kmk
olur va aksina. iki strukturlu su modelino [8,10,13] gobra su hidrogen rabitasila
birlosmis miixtolif Slgiilii klasterlordon vo klasterlor arasi sorbast su mole-
kullarindan ibaratdir. Parsial molyar hacmin konsentrasiyadan asihiligima asasan
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i i ilk novbada sarbast su molekullar il
htimal etmak olar ki, PEQ molekullart i ( ] i
;idrr:gen rabitosi vasitasilo birlagirlor. Bu isa konsentrasiyanin anmas} ..13
mohlulda PEQ-in parsial molyar hacminin azalmasina sabab olur. B'u da‘ PEQ-in

konsentrasiyasiin artmast ilo mahlulun daha da strukturlagmasini gostarir.

3

s 4000 157 sm_
bl " mol
" mol
3800
& 3600
) 3400
%0 2
3 1
3 3200 }
750 4 3000 X
0 00002 00004 0,0006 0.0008 0,001 00,0002 0,0004 0,0006 0,0008 0,001

$ok. 3. Su-PEQ (1), su-PEQ-LIiOH (2), su- $ak. 4. Su-PEQ (1), su-PEQ-LiOH (2), su-

PEQ-NaOH (3), su-PEQ-KOH (4) sistemla-
rinda PEQ-in parsial molyar hacminin PEQ-in
konsentrasiyasindan asililig ‘wng =1000).

PEQ-NaOH (3), su-PEQ-KOH (4) sistemlo-
rinda PEQ-in parsial molyar hacminin PEQ-in
konsentrasiyasindan asililig MPEQ =4000).

(T=293.15K , x,,, =001, x,,, =001, x,, =0.01).

Belalikla, ham 6zl axmin aktivlasmo entropiyasinin, ham da mohlulda
PEQ-in parsial molyar hacminin konsentrasiyadan asililiglarina asasan deya
bilorik ki, PEQ ham suya, ham da su-LiOH, su-NaOH va su-KOH sistemlorina
strukturlagdirict tasir gostarir, lakin LiOH, NaOH, KOH-in istiraki uygun ar-
dicilligla PEQ-in strukturlagdinie: tasirini mitayyan gadar zaifladir.
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TNNAPAMETPbI AKTHUBALIUH BSA3KOI'O TEYEHHE B CHCTEMAX
BOJA-NIOJIM3THIEHTIMKOJIb-LiOH, NaOH, KOH H TAPUHAJIbHBIH
MOJISIPHBIH OBBEM B PACTBOPE MOJHN3THIEHTJIMKOJIS

9.A.MACHMOB, B.I'.TIAIUAEB

PE3IOME

B paGote n3mepensl AHHaMiyecKas BA3KOCTh H IUIOTHOCTB cHetesm Bona - 1101, Bosta
- TI3T" - LiOH, Boza - 131" - NaOH u soza - [131 - KOH B nnreppane Temneparyp 293,15-
323,15 K 1 0-0,001 monswoii gomm 191, Pacemotpensr gpakinn nommstinenraukons (M3
¢ monsproit Maccoit M 5 =1000 uw M, = 4000, n KoHueHTpaIs THAPOKCHIOB e~
nounsx Metaios (LIOH, NaOH, KOH) s cictemax Boa - TIET - LiOH, Bona - TIET - NaOH,
sona - [IET" - KOH cocrasusiza 0,01 mosbHoi nonu. C HCNOAb30BAHHEM Pe3ybTaToB IKClie-
PHMEHTA GbLIH BbIYHC/ICHb! AKTHBALHONHBIE MAPAMETPhI BAIKOIO TEHEHMUS H IAPUHATBHBIC MO-
sspubie ofbemul TTDIT, a Takke MCCIE/10BaHBI 3aBHCHMOCTH OTHX NApamMeTpoB OT KOH-
uentpanmn [197 B JaHHOM MHTEpBale TEMNEpalyp M KOHUCHTPALH HCCICAYEMBIX CHCTCM.
Bhuio ycTanoBsieno, 4to I3 oKkasbiBacT CTPYKTYPHOC BO3ACHCTBHE KAK HA BOMY, TaK M Ha
cuctembl Bosa - LiOH, Bona - NaOH u soma - KOH, 1o npucytetnie LiOH, NaOH, KOH
nocnenoBaTenbHo ocnabnser ctpykTyproe iausuue DI 310 CBA3AHO ¢ Pa3pYIHTCALHBIMI
neiicTBuaAMH na cTpykTypsl LIOH, NaOH, KOH B cootBeTcTBYIOWIE NOCEA0BATEABHOCTH.

Knouessie coBa: nomporiieHrankons, LiOH, NaOH, KOH, soausic pacTBophl,
MapaMeTphl AKTHBALHH BASKOrO TEUEHHS, NAPUHANBHELT MOMBRBI 0GbeM.
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ACTIVATION PARAMETERS FOR A VISCOUS FLOW
IN WATER-POLYETHYLENYCLOLE-LiOH, NaOH, KOH AND PARTIAL
MOLAR VOLUME SOLUTION IN POLYETHYLENE GLYCOL

E.AMASIMOV, B.G.PASHAYEV
SUMMARY

In this work, the dynamic viscosity and density of the water - PEG systems, water —
PEG - LiOH, water - PEG - NaOH, and water - PEG - KOH were measured in the temperaturc
range 293.15-323.15 K and 0-0.001 mole fraction of PEG. Polyethylene glycol (PEG) fractions
with a molar mass and the concentration of alkali metal hydroxides (LiOH, NaOH, KOH) in
the water - PEG - LiOH, water - PEG - NaOH, water - PEG - KOH systems were considered to
be 0.01 mole fraction. Using the results of the experiment, the activation parameters of the
viscous flow and the partial molar volumes of PEG were calculated, and the dependences of
these parameters on the concentration of PEG in this temperature range and concentration of
the studied systems were investigated. It was found that PEG has a structural effect on water
and water - LiOH, water - NaOH and water - KOH systems, but the presence of LiOH, NaOH,
KOH consistently weakens the structural effect of PEG. This is due to the destructive effects
on the structure of LiOH, NaOH, KOH in the corresponding sequence.

Key words: polyethylene glycol, LiOH, NaOH, KOH, activation parameters of viscous
flow, partial molar volume.
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