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Abstract

The influence of salt concentration on the conformation of poly (ethylene oxide) in dilute solution
was studied by using gel permeation chromatograph (TDA-GPC) coupled with differential light
scattering and viscosity three detector coupled with dynamic light scattering (DLS) and polyoxye-
thylene standard sample (PEO-24K) as the research object. By comparing the physical parameters
such as intrinsic viscosity (7), hydrodynamic radius (R;) and Mark-Houwink exponent () in dif-
ferent concentration of salt solution, the conformational changes of PEO were obtained: in lower
concentration of salt solution, the typical random conformation of PEO was formed; with the in-
crease of salt concentration, the molecular chain of PEO in solution gradually developed. The size
of the coil decreases as the coil aggregates, shrinks and collapses, and the conformational change
from random coil to densely packed collapse ball occurs. Meanwhile, the solution viscosity in-
creases. This conformational change is mainly due to the reduction of solvation of PEO chains due
to the competition between salt molecules in solution and water in PEO solution. The effect of
temperature on the conformation of PEO has also been studied. When the temperature decreases,
the molecular chain of PEO shrinks from random coils to collapsed spheres.
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REMN CIHPEONWEA—MILGHIREY), &M REFIKI/KEMESY), RARE S KA
TS HES S5 1] A% PEO FRVAVR IR G- AT 1 7, X SCASAIX) B MIE A 5E T AS[E) 2» T8 ) PEO
FEBEI (1 9 RS, 45 R EoR PEO T AN BE 7y &g ok, RUIKHEE PEO fE/KIE R+
T HEBR AR AN RIS IR R TR IR G [2] . FRIGEISE[3]RF AL T PEO /KSR AR I AR 1A AL
RN, RIVEFMLIEF > T 550 TR 0 —itiash, A fE s 5 E K B hism o T 5.
LT R ESCHR[4] [5], PEO MR NRMNEMEA S 278, HAnk& A FiiE PEO MR ha
BRI ER T L (R RE o

AR, BEERERARRKKRE, &M DIReAN EE5 . BRI I(GPO)# Z M T =7+
VLT 5 F 5 T A DN 8 DA R WA R 98, Guo [6]558 Nl GPC IR T s A= 9) 2 b
(053 AUV BT, FEaE IS A 7 I GPC e 2 W5 7y 1 B AR YERG R B 80InE o TR BRAR e 501 2
RITEAHLE, GPC AR, RS R ndEsfs, AHMERMRIE, RFE@EE—FREY PO s 2
B AT IERI AT AT IR, B CARRHERE 5 i Fese X AR 4 SR WA oM B, 6Tk, —BKRA PEO
VERbsAE, JEH KA RS2 TE 0.1 mol/L NaNO; 1 HEAT, (HXF T AN [FBE i v] R 75 BN R A il &1, B
AN SR IR TR IR B o FERF R RATR I, PEO-24K ArEIIM R £ 2 BRI FE IS . A4k, Bhds
TS (DLS) 2 M 52 R A2 5 0 A B B B . @i DLS JAR[7] [8] [9] [1018F 78 T B b 34 FEE 5o b 42 Ik A
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s, S8R R HT 2 SEO AORL IR AR ELAE T ROAEAE, R IR R TR R BRI 52, T i
ANTEIRE R N BRI . INSE R A BT L R 8] VA58 7 VR R R R U SR s . A
SO AR E . FEERDEEUS =25 1) GPC (TDA-GPC)5 DLS BXHIWF 7T PEO-24K brtEEA [F £h 7%
TR PR RN AT GO, AR TR 45 R H Rt AT 7 #r

2. SCROERSy
2.1. RFISLES

REMN OIFFRFE(PEO-24K), T H T 9L[E Malvern 2 %], Mw A 23,850, Mn N 23,533, IV N 0.404.
HER BN (NaNOs) IR R FN(Na,SOy), 2B 4ll, 1B 2548 AL 220 PRA Fl o V3 HH 1 /KB ) 28 R 47K
(18.2 MQ-cm)Fic il - 815 €135 15 2 A6 U 23 6 FH 2 4t (i 5[5 Malvern 2 =] B BURE (1 9 B HEREE « B Bl RERS |
7 (D90 (B A LRI 2% R ARSI 88 SR ZHr el Z 25, B A B3 Ay Malvern A ] (1) A7
Guard, Aq Guard Col (50 mm x 8.0 mm) 1 #RF1 A6000M, General Mixed Aq (300 mm x 8.0 mm) 2 8, i
AN & 73 %7 0.1 mol/L NaNO; /K&, H-281d 0.22 pm J8 €A 3 , MR RHA S AR I3 A 0.7 ml/min.
JE[E Malvern 2 & 99K KL E AL Zetasizer nano ZSE, WOL# M KN 633 nm. Bl LT85 N
WYA-2WAJ. 5 [RAGEETHBLS  1i RAEAXAS) 1) WSN-1, B4 N 0.4~0.5 mm.

2.2. SEEEE

2.2.1. TDA-GPC
J6H1 0.1 mol/L NaNO; I il O R 4y T A 0+ 7 40 A (1) PEO-24K A3 FF, FFE I #5248 0.22 pm
JEME I 8 S HEREIIAR, HEREEN 100 L. K fF(Malvern Omni SEC 5.12 JRA) BTG, 5546
T2 R4S 3% H 50 70 5 0.1 mol/L Na,SO4 A1 0.2 M Na,SO, Kz i PEO-24K bkt , £5-F5AH B AT R JE
Xof BB S EEAT A, R ANRE S I . IR B 15 R 45°C
2.2.2. DLS
FE A8 BRI 3 78 2 A A BT Y6 PR BU(RY) « 26 P 2 2 80, JRA 1 B DU 6 A 2 T 0.1 mol/L
NaNO;, 0.1 mol/L Na,SO4 F 0.2 mol/L Na,SO, 55 =P ¥ RI, 4ANFE il =i BOP 2448, 45 RPN
1o WS OB LRI =IO, A RAINE 1, BRI =R BT .

Table 1. Refractive index and viscosity of three solvents

1. ZMERR TR RANRE

IR 0.1 mol/L NaNOs 0.1 mol/L Na,SO, 0.2 mol/L Na,SO,
RI 1.331 1.333 1.336
Viscosity/cP 0.89055 0.91495 0.93775

#5351 0.1 mol/L NaNO;, 0.1 mol/L Na,SO4 A1 0.2 mol/L Na,SO, B R AL 0.22 um I JERE L &
J& . TENEE ST IR . MRIEE 2 A 25°C, 35°CHI 45°C . BRRIARZ 8] 75 B P4 3~5 min, LAf#
HERE . BRI AL HE F 1K) 2 Malvern [f] Zetasizer software i 4.
3. ZERE5VHE
TDA-GPC

AT RGBT W ER IR FE X PEO-24K M S5, S286 43 T840 A /N T 1.02 1) PEO-24K 3
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FERHE: A F R A R 50, 3951 0.1 mol/L NaNOs;, 0.1 mol/L Na,SO,4 A1 0.2 mol/L Na,SO,
A T 70 A AR VLA 53 FE (BRAR 0.1 mol/L NaNOs A1 0.1 mol/L Na,SO, W JE—%, 1H 0.1 mol/L Na,SO,
AN FIREETE R, AT ERIR N K). 1 5e%t TDA-GPC AR P ST THIE. K1 45 H
TFRAE 0.1 mol/L NaNO; 1] PEO-24K P HEFE 7R ZE 4T A 3R (RO HT 2k, w7 DUE H, PRl 26 )1
FreAE A, U TDA-GPC MR A A RIFIEE M, HdEaTiE.

300 T
the first injection

< the second injection
E 150 =
x
)
°
= 0 N
]
2
k3]
o
s -150 .
12

-300 |- V s

15 20 25

Retention Volume (mL)

Figure 1. The RI curves of PEO dissolved 0.1 mol/L NaNOj; by repeated injections in by TDA-GPC
& 1. B3 TDA-GPC RS HARRTE 0.1 mol/L NaNO; Y PEO #R#ERY RI gk

[FIRE, PO UCHERE (26 BRI 28 (DP) /IS A1 6 BURRG I % (LALS )R B A5 't BRI 35 (RALS) (1At 1 28
Wi R E AW, ALK BT K TDA-GPC WHAKRE i #2  Cdbrt, BLNRZS SR AT R S

# PEO-24K 73 BT AAELE 0.1 mol/L NaNO;. 0.1 mol/L Na,SO, Al 0.2 mol/L Na,SO, #1, PEO Ik {#
Fr—80 2 45 = M4 tH TDA-GPC AN[E 2% A5 5 #h 28, MEALFR RS FE S DR B AR FR(VR), 9L
AR BRI A5 5 3R /N I 2 W BUE H, FEAN [RIE s 1) PEO 1 RV fERAE T R,
HE AN [E R 250015 145 5 th 2 I AR AL A ROBEE ShAR FERI I N, Ve (EZ W8 K. DL RI 2k
J9#l, PEO 7E 0.1 mol/L NaNO; A B i &, K208 18 mL, 7E Vx4 18.776 mL ik FUg(; 7£
0.1 mol/L Na,SO,4 ', PEO HIEf7 B #; 0.1 mol/L NaNO; #&iR, Z124 18.1 mL, FE{E Vz N 18.919 mL Kik
FIEAE . 76 ERIRBEIEIE I KM 0.2 mol/L Na,SOy 1, Ve (Lt HBL TH ML, 19.5 mL B R4 0, Wg{H
HELAE 20.8 mL. 75 EAFRITERMISE, 76 0.2 mol/L Na,SO, ¥R FE S I RI th£krh, PEO M5 Sk 57E 22
mL I 4R LRV MG S0 R AR S, XM 38 RIS TARANE, sema S 2 it 4 R .

AR GPC i AE 1) 7 B IR HE, /& o T AE AT R L R AFLBR 2 [ 73 BT, RST R/ IN 231 S5 25 5 i
ANGAL, AR CLiB AT I LSRR BARARR Ve SR W DAHEWT, SR Ve (R AR i3 i 3 225 R A
FAR T PEO MRS RA T84, BT AT T PEO A S AibrE, 1l LLHERR 7 F & A 5 2k R
PRI, DRI, FRATVONIE R R SRR B3GR, iR PEO 4RI R SE & k) o

B Ve B AN, ASRIRE GG S ORI A T IR AR A o 42 2 45 ] 2 TR R I 2815 S U AR 43 T A
MFE 2 ATLLE H, BT AR s 1 Ve TR AR X B 2 VAR R IR B 3 i 2B Es . o, RUAMIZR Y
T AT A T

dn
ARI :KRI '(E)'J.C(V)dV (1)

Horh Kp 9 RUAS IS RS HAL, AR PR IR TH AR B EUE: ¢ WIRIIREL, Vv NI AR,
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Figure 2. Different detector signal curves of PEO dissolved in three solutions by TDA-GPC, a: signal curve of the RI detec-
tor; b: signal curve of viscosity detector; c: the low angle signal curve of the light scattering detector; d: the right angle signal
curve of the light scattering detector
B 2. PEO /AR L =& IR HATE] TDA-GPC MIE EIJE’JT EHMEEES, a: FERNFRFES; b: HERNFES;

c: INEARESRNBRES; d: ERXHSFENRES

Table 2. Peak area of different signals

2. FEMESHIEER
2% 0.1 mol/L NaNOs 0.1 mol/L Na,SO, 0.2 mol/L Na,SO,
Ar 347.01 319.11 -
App 71.52 69.94 62.41
AvaLs 8.28 8.03 6.92
AraLs 14.19 13.68 11.86

L, dEEHE 5 R R AR

i 2 MG E R, W AT RAS B T IRLA )2

dnY’
A :KLS'(EJ Ky -c

s Kis 9 LS Kl a (0 ACEs 5 8, 7T DU HY 38 1O G HIOS We T AR PG PR B8 3 [FURE R A i dn/de O 225

2

4% R,. Mark-Houwink 188 o258 K51
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WIS KIS H . 2 0.2 mol/L Na,SO, AT LiER R 45 8 .
TDA-GPC %} R, it AU R

3M -[n7]
10m- N,

=3 3)
Hod M OoNZaRT T8, B ORI LS KRB N, AR 4. X R, TR S RANER 4
.

DLS A2 M ORI AR 7 220042 i 8 5 (B DRAE 1) 77 7% . DLS JE LA I BURL A AT BiE s 2, id
SEARCAT BITIE B R SO A 1) SO et s A TR) A AR AL, SRR B VAL A 15 B EURE A AT B s s, H
T REE D. SRIGHRYE Stokes-Einstein J7F2[ 1115 2 BRI RAE R, HHEARWMT:

Do k,T
3nnd
Forb ke, NBURZEZER, T RNESTERE, n NIERETE, d NBRRIE % EE. 4% 3 451 DLS it
AR, NS, HINE R EAR d #0NE% R,. DLS MR4S 51 PDI N 0.220 £ 4, &R AAS
G

“

Table 3. R, of PEO in three solvents by DLS and TDA-GPC
7 3. M1 DLS 1 TDA-GPC {43 PEO iRBRIE = MR PRI R, E

B 0.1 mol/L NaNOs 0.1 mol/L Na,SO4 0.2 mol/L Na,SO4
TDA-GPC/nm 5.36 5.34
DLS/nm 8.035 7.935 7.755

Table 4. The calculation results of PEO in three different solvents by TDA-GPC
% 4. PEO AR RIARTH) TDA-GPC HEHLER

B 0.1 mo/L NaNO; 0.1 mol/L Na,SO,
[n1/dL/g 0.402 0.4227
a 0.764 0.143

1A AR RV R A2 BBAR BT, (U A 2 5 5 AT 5 n] LTS Y PEO-24K FRff ¥4 i
TEARFFR P PR RAFR, THERNERHARRRIRE, FAZENEESIAFER. HE 4 7L
A, TDA-GPC I DLS il & s —8, HEMERSd 2 EL S, 458 20 F T
U TE . B ER IR FE 34N, PEO FORLAR S8/ M % 7E 0.1 mol/L NaNOs F1 0.1 mol/L Na,SO, Hi#f# PEO
kLA EL BT, T 0.2 mol/LNa,SO4 HAM# Y PEO HIRLAZE B B /N T RIM/ANE, 51 2 Hiiikss
=B, R, NGB 2 RS Ve BRI HLE 2 Hh, SRR A5 5 AR P DT A
BT Ja — AR S S0 .

VAL S B TR T S i B T BL. TDA-GPC 45 B i) DP 155 8% 5VE A
Ko TDA-GPC H 4 Lkl 45 2 e i oo K B2 RS RS FEAS 5, DP SRy IR J A% % U B A7 6 v
W%, P ANOSHOZ L 2. B DP R IP ] LS i 18 Lt e -

4DP
~IP-2DP

X FARHE () TDA-GPC # 5, HR4E Huggins-Kramer 77 %, 1T DL 738 bbb 2 Sk k5745 ME 25 8 ) -

UM (%)
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[7]=*— ©6)

A RHTHES T2 RI KA 2R RN AR EE, T HI T 0.2 mol/L Na,SO4 ¥ MU RI 5 77
HE, HONTE#ATIHE . HEPMNERITHE A RAIER 5 d.
Fn[n]~InM1EE, B2FE K Mark-Houwink FHZR(E 3), FEARE T FE:
g[n]zng+a-lgM (7)

3l effi. H M 4axtsrF 5, KN Mark-Houwink %, BHZ&REN Na, FITERL S .

Table 5. The particle size of PEO solved in 0.1 M NaNO; at different temperatures by DLS
7 5. B3 DLS M{SEAREIRE T PEO JBRELE 0.1 M NaNO, 1SRIZE 2%

i 45C 35C 25C
Size/d'nm 16.071 13.30 10.59
0.3 v T z T T T z T
——0.1M NaNO,
——0.1M Na,SO,
[
D 04} i
-0.5 1 1 1 1 N
4.30 432 434 4.36 4.38 4.40
IigM

Figure 3. Mark-Houwink curves of PEO dissolved in two solutions by TDA-GPC
3. B TDA-GPC jl#§ PEO ‘AMRTENEliA K+ 9 Mark-Houwink %k

B 3 ATEUE Y, PIANFE & 1 Mark-Houwink fiZ8 B BRI Z 5, SN S I S 2 EOR .
M3 N 4 FATLLE Y, ERERE R, WA EBUN, o ENECKR: mEhR RV, [
K, of BB B8N o REPERE I ] AR LI I B — s R FE NS VRRE B 3G m . — MR, 7 F &K,
TRFPEREBOBR R o 16 T-45 78 0040 T,  JLARRME A0 A4 U VR I TRER ROR AR T . R
i 5 A [ 7] 52 BV T SRR FE TR 123X — sl A N, TSRk, EMRERIRAE T, BEEZRIK
FERIIEOR, SRR b 1 R mr 35020 Bk Bl e e [R] PR 7 P HE R SR PR B A F ek 2>, R O RS
BORETEAK. TEFRATMELIEH, PEO-24K W4y T4 L AT My, HBEESRIRERIRK, PEO MRS
BRI TR, 5 RIS R A A B, BRI, A R RS B E AN E . FRAT
A DU I of AR R HERT 70 T RE IR RS of B AT DL BR AR VAW 2 T RERTRIZE 1 . AR4E Haug $2H
MR G = R [13], FTE KT IR R AL T3 HEAR (PR ER . NIV AN TC R4 BT =it i) R Ho
(W 2 18], TARHE Harding S5[ 14152 H M RIBHUE M, W LUE of R FIK K 70 P 5, Hh PR Bk
1 BN 0, WITEAE 1) afE N 1.8, TEHLZL A1 oI 4 0.5~0.8..0.1 mol/L NaNO; HH & f#E IFF i ofE N 0.764,
1M 0.1 M NaySO, FE AR IIFE S B AN 0.143. PRk, FRATATCAHEN, 7£ 0.1 M NaNO; H', PEO I H
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AT R B 5 I {E 0.1 mol/L Na,SO, 71, PEO A G AT JE HI £k AN 25 MERAER 2 7).t 2 15
BEE SRR N, VMR I PEO 2> THEZRHT K AE . . PHE.

LRI B P IER I A A BRVA R TR AR AR 220 50 . AV I PR AE IR R RS, IR F7 8L
F@y T2, 5 reEREMRYER, RINEK, EENS TBER—ERE, ERFKS PR
YER 15 K512 [ (A BLAE F 1A B i, RIUCAIEM . KR IRy Tk, HIUEaET
—BERMEIK S T2, BRI RS TR SERR ARG 4 o IR I SRR R IE R R, BT
SR FZIRA TS, WREZREIE KN P A B2 KD T, RS FRES A NERL KD T
BHWD . Guo Z5[15]4R3E I 5 MR 22 W 7E = 35 VR B 1A V3 Y00 Tl 5k ok B2 1 388 KT R A2 SR 48 . PEO 2t
RS, E5RRRKS FEENELT, HMRRIATMER: MERIRENIGER, 57HS
IKIIA AR J13Z 808/, PEO 4 FHEMMAH EAER 71 5 R S H &R, 50 FaERERE, MRETLHM
LR AR BRI STEER, FR, B T TREE S RIGOK S TR, L E R, BN, VIR,
TR 3G K

R, AL DLS B AL 1 W% E /R ST PEO bRk A 52 o F-AT 1A T PEO-24K 17 0.1 mol/L
NaNO; ¥ RAE A F1E BE T RiAR8 4k, MRS SR an sl 4 Fise 5 B

T
15k -
——45C
——35C
——25C
=
S 10t i
>
—
[72]
c
[]
o
£
5| i
0 1
1 10 100
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Figure 4. Particle size of PEO solved in 0.1 M NaNOj at different temperatures by DLS
& 4. B2 DLS JUSERREIEE T PEO JAMRTE 0.1 M NaNO; BHRIZ %

MARSE R 27w, BEEEFEFEE, PEO MR A BB I/ 7E 35°CIF, LM EAR(13.3 nm)k 4
/INF PEO 7£ 0.2 mol/L Na,SO, HZEH B 42(15.51 nm, W% 4). MifE 25CH, £&BIR U463 10.59 nm.
YiB PEO 7> F-BERH IR AL N BT R A, B JGRZR BB Wnian ek . X 50 e[16] 4 R —
;.

4. g

KA R ZE . JCHURFIZRE B =40 28 1 H RER (1% 4 (TDA-GPC) M B 2 6 HIUH (DLS) B A, 22
PEO-24K FRAETEAN IR B (R i, B RAFAE I R 0 22 57 . Bl BhIRIZ 3% 0, PEO /r 145
IKEIAH EAEH J7i&8k N, PEO 2y FREIE AR ELAEF 0 5 2 R IR, 80 TR ERSE, TR
Wb, ORI K. PEO 7E 0.1 mol/L NaNO; 2ILH MW I A S, B SRk E3 N, PEO &
THEZW R AR 4. PHE, 16 0.1 mol/L Na,SO, Hisf, PEO HIH G AT To ALk A A0 25 HERH 3R 2.
], JEId DLS WK UE B M IR PR, PEO 2r FHEAEURSA, HICIIR LB HT S 4 IR ER .
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