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Isd> su-polietilenglikol-NaOH sistem/orinin 293.15-323.15 K temperatur va polieti-
lenglikolun 0-0,001 molyar hissa konsentrasiyasi intervalinda dinamik ozliliiyii vo sixligt ol-
clilmiigdiir. Polietilenqglikolun 1000, 1500, 3000, 4000 vao 6000 molekulyar kiitloli fraksiyala-
rina baxilmigdir vo NaOH-n konsentrasiyast 0.01 molyar hissa gotiiriilmiisdiir. Tocriibi na-
ticalordon istifads edorok todqiq olunan sistemlorin baxilan temperatur vao konsentrasiya in-
tervalinda ozlii axvmimin aktiviasma parametriori vo mahlulda polietilenglikolun parsial molyar
hacmlori hesablanmisdir. Miiayyan olunmusdur ki, ham konsentrasiyamin artmast ila, hom do
molekulyar kiitlonin artmast ilo mahlul daha strukturlasmis hala kegir.

Acar sozlor: sulu mohlul, polietilenglikol, NaOH, o6zlii axinin aktivlosme para-
metrlori, parsial molyar hacm.

Polietilenglikolun (PEQ) miixtalif molekulyar kiitlali fraksiyalar1 bir
cox sonaye saholorindo (minerallarin zonginlosdirilmasindo, neft kimyasinda,
tibbdo, kosmetologiyada vo s.) mithim maddo olaraq istifado olunur [1]. PEQ-
nin genis totbiq sahasinin olmasina baxmayaraq onun miixtalif molekulyar kiit-
lali fraksiyalarinin sulu mohlullarinin 6zIi axin vo hacmi xassolori az arasdi-
rilmigdir. Homginin elmi adabiyyatin tohlili gostarir ki, istor su-PEQ sisteminda
struktur xiisusiyyatlorinin arasdirilmasina, istorso do bu sistemo miixtolif duz-
larin, asaslarin va s. tasirinin dyronilmasing zorurat var.

Isdo su-PEQ-NaOH sistemlarinin 293.15-323.15 K temperatur vo PEQ-
nin 0-0.001 molyar hisso konsentrasiyasi intervalinda struktur xiisusiyyatlori
viskozimetriya vo piknometriya metodlar1 ilo todqiq olunmusdur. Baxilan
temperatur vo konsentrasiya intervalinda sulu mahlullarin dinamik 6zliilityli vo
sixlig1 Olgiilmiisdiir. Tocriibi naticolordon istifado edorok todqiq olunan sistem-

lorin 6zl axininin aktivlosma Gibbs enerjisinin (AG; ), 6zIi axiinin aktivlog-

mo entalpiyasmin (AH), 6zlii axmnmin aktivlosmo entropiyasmin (AS;) vo
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mohlulda PEQ-nin parsial molyar hocminin (\7) PEQ-nin konsentrasiyasindan
asililiglar1 tohlil olunmusdur.

Tadqiqat obyekti olaraq su-PEQ-NaOH sistemlori gotiiriilmiisdiir. PEQ-
nin 1000, 1500, 3000, 4000 vo 6000 molekulyar kiitloli fraksiyalarina baxil-
migdir, NaOH-1n konsentrasiyas1 0.01 molyar hisso gotiiriilmiisdiir. Istifado
olunmus PEQ-lor vo NaOH kimyovi safdirlar. Mohlullarin hazirlanmasinda
bidistillo edilmis sudan istifado olunmusdur. Isdo &zliiliik kapilyar viskozi-
metrla, sixliq isa piknometrls dl¢tilmiisdiir.

Mayelorin 6zIii axininin Eyrinq nozariyyesina [2-6] gors 0zlii axininin

aktivlosmo Gibbs enerjisi (AG;)

AG; =RT lni (1)
o

ifadasils toyin olunur. Eyring nozariyyesins [2, 3, 4] goro 5 = N."o olur. Bura-
M

da R -universal qaz sabiti, N,-Avoqadro ododi, h-Plank sabitidir.
M ziXiMi -mohlulun molyar kiitlssidir [2]. X, vo M, uygun olaraq i-ci kom-
ponentin molyar hissasi vo molyar kiitlesidir. T miitloq temperaturunda
mayenin dinamik 6zliiliiyii (77) vo sixligt ( p ) tacriibada toyin olunur.

(1) ifadosini termodinamikadan malum olan [2, 3]

AG] =AH -TAS? (2)
ifadosinds nozors alsaq va biitiin hadlari T -yo bolsak alariq:
Rin T =200 s ©)
ny T
(3) ifadesindon goriiniir ki, 6z1i axinin aktivlosmo entalpiyas: (AH;)
AH? =R oln(i/m,) (4)
A(1/T)

olur [2, 3]. (1) ifadesindon AG; vo (4) ifadesindon AH; toyin edildikdon
sonra (2) ifadasilo 6z1ii axinin aktivlosmo entropiyasi (AS;) hesablanir.

Mbohlulda PEQ-in parsial molyar hocmi (\7)

Vv, +<1_X{M) 5)
X Jor

diisturu ilo toyin olunur [2, 3, 7]. Burada V, -mohlulun molyar hocmi olub,

A _M_ 2 %M, diisturu ilo hesablanir.
PP
Miixtolif molyar kiitloli PEQ-lor {igiin su-PEQ-NaOH sistemlorinin
293,15 K temperaturda 6zlii axininin aktivlosmo Gibbs enerjisinin (AG; ) vo
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0zlii aximinin aktivlesmo entalpiyasinin (AH,") PEQ-nin konsentrasiyasindan

(x) asililiglar1 cadval 1 vo cadval 2-do, 6zlii axininin aktivlosmo entropiyasinin
(AS; ) PEQ-nin konsentrasiyasindan ( X ) asililig1 iso sokil 1-do gdstorilmisdir.

Cadval 1
Su-PEQ-NaOH sistemlorinin 6zlii axininin aktivlosma Gibbs enerjisinin ( AG;,C /mol)

PEQ-nin konsentrasiyasindan (X) asithhg (T=293.15K, x . =0.01)

X Mpeo =1000 | Mpgg =1500 | Moy =3000 | M peg = 4000 | Mg = 6000

0 9549 9549 9549 9549 9549
0.0001 9603 9700 9795 9939 10730
0.0002 9691 9881 10086 10376 11534
0.0004 9813 10242 10642 10972 13576
0.0006 9993 10511 11201 11928 14779
0.0008 10172 10984 11635 12824 16297

0.001 10282 11339 12438 13242 17499
Cadvel 2
Su-PEQ-NaOH sistemlorinin 6zlii axininin aktivlosma entalpiyasinin (AH ; ,C/mol)

PEQ-nin konsentrasiyasindan (x) asihihig: (T=293.15 K, x =0.01).

NaOH

x | Mpgg =1000 M e =1500 M peq =3000 M peq = 4000 M pe, = 6000

0 17417 17417 17417 17417 17417
0.0001 17602 17680 17793 17959 18898
0.0002 17690 17951 18179 18529 19788
0.0004 17900 18500 18876 19475 22086
0.0006 18089 18767 19642 20443 23600
0.0008 18387 19392 20262 21677 25271
0.001 18527 19866 21128 22141 26699

Qeyd edok ki, AG; 1 mol sayda molekulun bagli haldan aktiv hala keg-
mosing sorf olunan enerjidir, AH mohlulda yaranan doyismolori enerji baxi-
mindan, AS; iso struktur baximindan xarakterizo edir. Belo ki, konsentrasi-
yanin artmast ilo AG; -nin artmas1 molekulun potensial ¢opari ke¢gmosino daha
cox enerji sorf olunmasini, AH; -in artmasi sistemin daha mohkom struktura

malik olmasini, AS: -in artmasi iso sistemin daha strukturlasmis hala kec-

mosini gostarir [2,8-12]. Ozlii axinin aktivlosmo parametrlorinin konsentra-
siyadan asililiglarina (codval 1, codval 2 vo sokil 1) osason deyo bilorik ki,
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mohlulda PEQ-nin konsentrasiyast artdigca mohlul daha mdéhkom struktura
malik olur vo daha da strukturlagsmis hala kegir.

Codval 1, cadval 2 vo sokil 1-don gdriiniir ki, AG,, AH vo AS” para-

metrlori verilmis temperaturda konsentrasiyanin artmasi ilo artir, verilmis tem-
peratur vo konsentrasiyada iso molyar kiitlonin artmasi ilo artir.

331757, C
7" K -mol

25 : : : : X

0 0,0002 0,0004 0,0006 0,0008 0,001

Sak. 1. Su-PEQ-NaOH sistemlorinda 6zli axinin
aktivlogsmo entropiyasinin PEQ-nin konsentrasiyasindan

asithilign (T=293.15 K, Xy,o4 = 0.01).
1-PEQ (1000), 2-PEQ (1500), 3-PEQ (3000), 4-PEQ (4000), 5-PEQ (6000)

Sulu mohlullarda struktur xiisusiyyetlori mohlulun komponentlorinin
parsial molyar hacmlori ilo do xarakterizo olunur. Malumdur ki, i-ci kompo-
nentin parsial molyar hocmi verilmis torkibli sistema homin komponentdon
I mol alave etdikdo hocmin doyismasine barabardir [2, 3, 7]. Miixtalif molyar
kiitlali PEQ-lor tigiin su-PEQ-NaOH sistemlorindo 293.15 K temperaturda

PEQ-nin parsial molyar hacminin (\7) PEQ-nin konsentrasiyasindan ( X ) asili-

1181 cadval 3-do gostorilmisdir.
Cadval 3

Su-PEQ-NaOH sistemlarindo PEQ-nin parsial molyar hacminin (\7, sm’/mol)
PEQ-nin konsentrasiyasindan ( x) asithhigi (T = 293.15K, x_,, = 0.01).

X M pe =10000 M peq =1500 M oeq =3000 M peq, = 4000 M e = 600C

0 847 1314 2763 3697 4965
0.0001 839 1289 2717 3623 4931
0.0002 831 1266 2675 3553 4899
0.0004 816 1226 2601 3429 4842
0.0006 805 1195 2541 3325 4792
0.0008 795 1173 2496 3241 4750
0.001 789 1159 2465 3176 4715
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Sok. 2. Su-PEQ-NaOH sistemlorindo PEQ-nin bir monomers
diison parsial molyar hacminin orta qiymatinin PEQ-nin
konsentrasiyadan asililigi (T=293.15 K, X, =0.01).

Cadval 3-don goriiniir ki, har iki sistem {i¢lin mohlulda PEQ-nin parsial
molyar hocmi verilmis temperaturda konsentrasiyanin artmasi ilo azalir,
verilmis temperatur vo konsentrasiyada iso molyar kiitlonin artmasi ilo artir.
Hesablamalar gostorir ki, verilmis temperatur vo konsentrasiyada PEQ-nin bir

monomers diison parsial molyar hacmi [\7] PEQ-nin molyar kiitlosindaon,
n

demoak olar ki, asili deyil. Sakil 2-do tadqiq olunan miixtalif molyar kiitloli
PEQ-lorin 293.15 K temperaturda bir monomera diison parsial molyar hoc-
minin orta qiymatinin konsentrasiyadan asililig1 gostorilmisdir. Bu asililigi

{Y}J =2106749,5x> —5922,9x +38,7

ifadasilo tosvir edo bilorik. Giiman etmok olar ki, boyiik Olciilii assosiatlarin
fozadaki hocm payi, boliindiikds onun ayri-ayri hissalorinin fozadaki hacm
paylar1 comindan kigik olur vo oksina. Iki strukturlu su modelins [2,3,13] géra
su hidrogen rabitasilo birlosmis miixtolif 6l¢iilii klasterlordon vo klasterlor arasi
sarbast su molekullarindan ibaratdir. Parsial molyar hacmin konsentrasiyadan
asililigina osason ehtimal etmak olar ki, PEQ molekullar1 ilk novbado sorbast
su molekullar1 ilo hidrogen rabitasi vasitasilo birlosirlor. Bu iso konsentra-
siyanin artmast ilo mohlulda PEQ-in parsial molyar hacminin azalmasina sabab
olur. Bu isa PEQ-nin konsentrasiyasinin artmasi ilo moahlulun daha da struk-
turlagsmasini gostorir.

Goriindiiyli kimi, hom 6zIi axinin aktivlosmo entropiyasinin, hom do
mohlulda PEQ-nin parsial molyar hacminin konsentrasiyada asililigir gostorir
ki, verilmis temperaturda hom gétiiriilmiis fraksiyali PEQ tigiin konsentrasiya-
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nin artmast ilo, hom do gotiiriilmiis konsentrasiyali vo miixtalif fraksiyali PEQ-
lor {iglin molekulyar kiitlonin artmasi ilo mohlul daha strukturlagmis hala kegcir.
Ehtimal etmak olar ki, tadqiq olunan sistemds PEQ molekullarinin otrafinda
hidrogen rabitasi vasitesilo su molekullarinin (ilk névboda sorbast su molekul-
lar1) toplanmasi naticosindo miioyyon Olciilii agreqatlar omolo golir. PEQ-in
hoam konsentrasiyasinin, ham do molekulyar kiitlosinin artmasi ilo mohlulda
belo aqreqatlarin say1 artir va dlgiilori boyiiyiir, naticods mohlul daha da struk-

turlasmis hala kegir. Sozsiiz ki, su-PEQ-NaOH sistemindo Na® vo OH™ ion-
lar1 hidratlagmaya moruz qaldiglarindan yaranan struktur, su-PEQ sisteminin
strukturundan forqli olacagq.
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IMAPAMETPBI AKTUBAIIUU BA3KOI'O TEHEHUE B CUCTEMAX
BOJIA- TOJMATUJIEHTJIMKOJb-NaOH U TAPITUAJIHBIN
MOJISAPHBIA OBBEM B PACTBOPE NNOJUATHJIEHTJIUKO.JIb

B.I''ITAIITAEB
PE3IOME

B pabote u3mepeHsl AUHAMHUYECKAs BA3KOCTh W IUIOTHOCTH CHCTEM BOZA-TIOJIMITHIICH-
rmkons-NaOH B unaTepBane temmepatyp 293,15-323,15 K u 0-0,001 monsHOU momu TIOT.
PaccMoTpeHbl Gpakuy MOTUAITHICHTIINKOIL ¢ MOJIsIpHOW Maccoit 1000, 1500, 3000, 4000,
6000 u konuentpauus NaOH B cuctemax Boga- nmomdTuiIeHrMKojb - NaOH cocrasisina 0,01
MosibHOU oy, C UCIOJIb30BaHUEM PE3yJIbTaTOB JKCICPUMEHTA OBUIM BBIYUCIICHBI aKTHBA-
LUOHHBIC MAPAMETPhI BSI3KOTO TECUYCHUS M MAPIHATBHBIC MOJIIPHBIC OOBEMBI MOJIMITHIICHTIIH-
KOJIb, @ TAK)KE MCCIICIOBAHBI 3aBUCHUMOCTH 3TUX MApaMETPOB OT KOHICHTPAIMU TOJIHITHIICH-
[JIMKOJIb B JIAHHOM HHTEpBAJIC TEMIIEPATyp M KOHICHTPAIIMU HCCICAYCMBIX CHCTEM. YCTa-
HOBIICHO, YTO TIPH YBEIUYECHUHM KOHICHTPAIWU KakK M (PaKIUU TONHITHICHIIUKOND MPH
MAHHOM TemmepaType, TaKk W TPH YBEIMYCHWN KOHIICHTPAIIMH MOJICKYJISIPHON MacChl IS
KOHIICHTPUPOBAHHBIX W PA3IMYHBIX (PAKIUOHHBIX ITOJHUATHIICHIIINKONb, PACTBOP CTAHOBUTCS
Ooee CTPYKTYpHUPOBAaHHEIM.

KuroueBble ciioBa: BOJHBIN pacTBOp, MOJIUATUIIEHIVIMKOIL, NaOH, napamerpsl akTuBa-
[IUU BSI3KOTO T€UEHHE, apliUaIbHbIA MOJISIPHBINA 00BEM.

ACTIVATION PARAMETERS OF VISCOUS FLOW OF SYSTEMS
WATER- POLYETHYLENE GLYCOL-NaOH AND PARTIAL
MOLAR VOLUMES OF POLYETHYLENE GLYCOL IN SOLUTIONS

B.G.PASHAYEV
SUMMARY

The dynamic viscosity and density of water- polyethylene glycol -NaOH systems was
measured at the range of temperature 293,15-323,15 K and a concentration of molar fraction of
polyethylene glycol to 0-0.001. Polyethylene glycol molecules with a molecular weight of
1000, 1500, 3000, 4000 were investigated and the concentration of NaOH was taken 0,01
molar fraction. Using experimental results, the temperature and concentration at the range of
investigated systems the activation parameters of the viscous flow and partial molar volumes of
polyethylene glycol in solutions were calculated. It was determined that when concentration
and molecular weight increase, the solution becomes more structured.

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