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A DTA apparatus suitable for measuring polymer solutions has been constructed. 
With the use of this apparatus, the phase equilibrium was studied for various con- 
centrations of the oligo(ethylene oxide)-water system. In the region of dilute solutions, 
the precipitation temperature was determined from the DTA curve, which exhibits 
a sigmoidal shape. Estimates were made of  the thermodynamic parameters for entropy 
~1 = --1.89 and enthalpy x x = --1.86 (at 380 K), and the theta temperature 6) = 
101 ~ In concentrated solutions the thermodynamic quantities characterizing the 
fusion of  oligomers depend on the molecular weight, and the values estimated from 
DTA peak areas and from the equation for the melting point depression agree fairly 
well. 

In dilute solutions of the oligo(ethylene oxide)-water system, the heats of 
dilution have been measured by using a twin micro-calorimeter, and the inter- 
action enthalpy parameter, to, has been estimated to be negative (exotherm) [1 ], 
while the entropy parameter, ~1, has been estimated to be negative by making use 
of a value of the second virial coefficient obtained by means of the osmotic pressure 
method [2]. The fact that both enthalpy and entropy parameters are negative 
in aqueous oligo(ethylene oxide) solutions may suggest the existence of a lower 
consolute temperature [3]. In order to confirm this phenomenon, a differential 
thermal analysis (DTA) method has been employed to study the phase equilib- 
rium in dilute solutions of the oligo(ethylene oxide)-water system. 

Further, the melting of oligo(ethylene oxide) samples has also been studied 
[4-  6]. As reported by Malcolm and Rowlinson [7], the melting temperature of the 
oligomer decreases as the concentration decreases. This phenomenon seems to 
correspond to the dissolution of oligomer for concentrated oligomer solutions. 
In order to detect the dissolution of oligo(ethylene oxide) in the diluent, the DTA 
method has been applied to study the phase equilibrium in concentrated solutions. 

Experimental 

The DTA apparatus suitable for measuring polymer solutions was modified 
so as to seal the cell more perfectly than the one described in a previous paper [8]. 
The modified cell and cell holder are illustrated in Fig. 1. The cell holder is made 
of a copper block heated by a nichrome wire (25 O). The cell which has a capacity 
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of about 3 ml is made of glass. The portion A of the cell is sealed tightly with a 
small flame after the polymer solution has been poured into the ceil, in order to 
prevent concentration change and evaporation of the solvent with increasing 
temperature. Although the thermal conductivity of glass is low, it is advantageous 
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Fig. 1. DTA apparatus and cell. a : glass mantle; b: cover; c: cell holder : diameter 60 ram, 
height 50 mm; d: heater; e: thermocouples; f: thermocouple insulating tubes; g: glass cell: 

diameter 12 mm, height 30 mm 

in that the cell is sealed easily and perfectly. The samples, with about 1.5 ml of  
oligomer solution for the dilute region and about 0.5 g of  oligomer for the con- 
centrated region, were measured, the reference materials being A120 3 for the con- 
centrated and water for the dilute solutions. The procedure with this apparatus 
is similar to that described previously [8]. The heating rate is about 0.62 ~ 

The molecular weights of the oligo(ethylene oxide) samples used in this study 
were 6"  10 z and 2"  104, respectively. The water was purified by distillation. 

Results and discussion 

The phase equilibrium of dilute aqueous oligo(ethylene oxide) solutions 

The phase equilibrium of the aqueous oligo(ethylene oxide) solutions was 
measured by using the DTA apparatus with the modified cell. The DTA curves 
obtained for aqueous oligomer solutions having concentrations of 10, 20 and 
30 wt. % are shown in Fig. 2. Each curve is sigmoidal and goes into the exothermic 
direction at a definite temperature for the given oligomer solution. The pre- 
cipitation temperature, T o, was estimated from the DTA curve at the point P 
in the curve shown in Fig. 2, in a similar way as previously [8]. The plots of T o 
against the concentration of oligomer are shown in Fig. 3. 
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A lower critical solution temperature can be seen to exist. The consolute tem- 
perature, T~, and the critical composition, Co, estimated are listed in Table 1, 
together with values estimated by another author [7]. Tr decreases with the mo- 
lecular weight of  the oligomer. 

30"/. 
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Fig. 2. DTA curves of oligo(ethylene oxide) (Mw = 2 �9 100-water systems for various 
oligomer concentrations. P point: precipitation temperature 

Table 1 

Lower consolute temperature (To) and 
critical composition (Co) of aqueous oligo(ethylene oxide) solutions 

Mw " 10 -8 To, ~ Co. wt% 

3* 

5* 
6 

20 

157.5 
127.5 
115 
107 

25.1 
20.7 
17.4 
13.9 

* See Ref. [7]. 

Following Flory's  theory [9], T c is expressed as a function of the molecular 
weight of  the polymer as follows: 

1~re = 1/o {1 + 1/7Jl (1/X 1/~ + I/2X)} (1) 

where O is the theta temperature of  the polymer with infinite molecular weight, 
X is the degree of  polymerization and 7~1 is the entropy parameter.  

According to Eq. (1), plots of  the reciprocal of  T c against the degree of  poly- 
merization function must be linear and the thermodynamic parameters, 7/1, and 
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0 ,  can be evaluated f rom the slope and intercept, respectively.  The enthalpy 
parameter,  ~t, equal to 7sl O/T, may be est imated f rom the values o f  ~1 arid 0 .  
The results obtained for the o l i g o m e r - w a t e r  systems are not  sufficient to yield 
a straight line as was  found for lower  moIecular weight  ol igo(ethylene oxide) ,  
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Fig. 3. Plots of precipitation temperature and melting temperature against concentration 
of oligo(ethylene oxide) for molecular weights --Ill-- 6 �9 l0 S and - - o - -  2 �9 10 4 
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Fig. 4. Plots of liT~ against degree of polymerization function 
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shown by the dotted line in Fig. 4. However, the tentative plots give a straight 
line with considerable error, as shown by the solid black line in Fig. 4. The thermo- 
dynamic parameters estimated from these rough plots are listed in Table 2, to- 
gether with those obtained previously [12]. It can be seen from Table 2 that the 
thermodynamic parameters obtained by the DTA method are correct in sign, 
but not in absolute values. This discrepancy may be due to two factors. The first 
is that the thermodynamic parameters estimated with Ftory's equation (Eq. (1)) 
correspond to the values at infinite molecular weight, whereas those estimated 
in this study involve an error of extrapolation from a molecular weight of less 
than 2 �9 104 to infinity. The other factor may be the dependence of the thermo- 
dynamic parameters on temperature. For  the elucidation of  this problem further 
study is needed. 

Table 2 

Thermodynamic parameters of aqueous oligo(ethylene oxide) solution 

o 

~:1 (= Y-'lo/r) 

This study Literature data 

I01~ 
--1.89 
--1.86 

(at 107~ 

--0.21 [21 
--0,27 [1] 

(at 25~ 

The phase equilibrium of concentrated solutions of oligo(ethylene oxide) 

The phase equilibrium of  concentrated aqueous solutions of oligo(ethylene 
oxide) was studied using the same DTA apparatus. The oligo(ethylene oxide) 
samples with molecular weights of  6 �9 l0 s and 2 �9 104 used in this study do not 
dissolve perfectly in water at room temperature in the region above 50 wt. 
of  oligomer. 

As shown in Fig. 5, the DTA curve of  pure oligo(ethylene oxide) with a mo- 
lecular weight of  2 �9 104 exhibits one endothermic peak at 62.8 ~ which corre- 
sponds to the fusion. In contrast, the sample with a molecular weight of  6 "103 
leads to two peaks at about 58.2 and 62.8 ~ . These latter may correspond to two 
crystalline forms with extended- and folded-chain crystals, and the one peak 
in the former curve to the folded-chain crystal, as reported by Beech et al. [6]. 

The DTA curves obtained for the oligo(ethylene oxide) (M,~ = 2 �9 104)-water 
system with various proportions of oligomer are also shown in Fig. 5. As the 
amount  of diluent increases, the dissolution peak gradually becomes broader 
and the peak temperature decreases. For  the oligomer with a molecular weight 
o f  6 " I0 "~, the DTA curves exhibit a broad peak similar to that obtained for the 
sample with molecular weight of 2 �9 104, but different from that obtained forpure  
oligo(ethylene oxide). 
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Plots of dissolution temperature against concentration of  oligomer for the 
oligo(ethylene oxide)-water  system are shown in Fig. 3. The dissolution tempera- 
ture decreases gradually with increasing solvent content down to about  70 wt. 
of  the oligomer, but in the oligomer concentration range of  70 to 50 wt. ~ the dis- 
solution temperature decreases rapidly with the diluent content. 
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30 :,O 50 60 70 TemperGture ~~ 
Fig. 5. (a) DTA curves ~of oligo(ethylene oxide)-water systems for various concen- 
trations of oligomer with a molecular weight of 2 �9 104; (b) DTA curve of pure sample with a 

molecular weight of 6 �9 10 ~ 

The effect of  the diluent for the concentrated polymer-di luent  mixture is rep- 
resented by the following equation for the melting point depression: 

I /T  m - -  l j r ~  ~ = (R/AHu) (V~jva) (ul - ~cl us) (2) 

where T ~ and Tm are the melting temperatures of  pure polymer and polymer 
with diluent, respectively; AHu is the heat of fusion of the polymer per unit mo- 
lecular structure; Vu is the unit molar  volume of the polymer;  vs is the molar  
volume of the diIuent; us is the volume fraction of the diluent; K s is the interaction 
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Table 3 

Melting temperatures (T ~ and heats of fusion (dHu) of oligo(ethylene oxide) 

385 

~/Zu, 
Mol. wt. T ~  ~ kcal/unit mol Method Reference 

6 �9 l0 s 

2 �9 10 ~ 

58.2 or 61.3 
61.0 
61.0 or 64.1 

62.0 
64.5 
65.8 or 66.4 
62.8 

2.07 
2.09 

1.94  
1 .97 

1 .96 

DTA 
Flory equation 
dilatometer 

DTA 
Flory equation 
dilatometer 
specific heat 

this study 
this study 
Beech et al. [6] 

this study 
this study 
Beech et al. [6] 
Beaumont et al. 

[4] 

parameter.  The melting point  o f  the pure oligomer (T ~  is estimated f rom the 
intercept o f  the plots o f  lIT m against ul. The melting point  o f  pure oligo(ethylene 
oxide) with molecular  weights o f  6 �9 108 and 2 �9 104 are about  61.0 and 64.5 ~ 
respectively, which are comparable  to those estimated f rom the peak temperatures 
o f  the D T A  curve and those reported by other authors  [4, 6] as shown in Table 3. 

i 
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Fig. 6. Plots of (I/T m -- 1/T~ against volume fraction of solvent (ul) for molecular weights 
of oligo(ethylene oxide) - - e - -  2-  10 4 and - - o - -  6" 10 3 

By taking the melting temperatures o f  the pure oligomers as 61.0 and 64.5 ~ 
respectively, plots o f  (1/T m - 1/T~ against ul (see Eq. (2)) give straight lines 
(Fig. 6), and AHu and xl  are estimated f rom the intercept and slope, respectively. 

The estimated heats o f  fusion o f  the oligomers are listed in Table 3, together 
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with those estimated from the peak area of the DTA curves and those determined 
by other autors [4, 6]. The values obtained in this study are in good agreement with 
those reported by other authors. The heat of  fusion for the oligomer with a mo- 
lecular weight of  2 �9 10 ~ is less than that for the one with a molecular weight of 
6 �9 103. 

In  concentrated solutions of  the oligomers, the interaction parameters ~:1 
are about  - 3 .43  and -2 .89  for molecular weights of 6 �9 103 and 2 " 104, re- 
spectively, and are considerably larger than those estimated from the diluent 
solutions. This discrepancy may be ascribed to the dependence of the interaction 
parameter  on the concentration of polymer. 

The authors  wish to  express their appreciation to Mr. Y. Fujita and Mr. N. Tanable for 
assistance in much  of the experimental work. 
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R~SUM~ -- On a construi t  un appareil  ATD pour l '6tude des polym~res en solution. A l'aide 
de cet appareil, on a 6tudi6 les 6quilibres de phases dans tout  le domaine de concentrations 
du syst6me otigo(oxyde d'6thyl6ne)-eau. Pour les solutions dilu6es, on a d6termin6 la temp6- 
ra ture  de pr6cipitation ~ part i r  de la courbe ATD de forme sigmoide. On a estim6 les para- 
m6tres thermodynamiques  de l 'entropie (~1 = -- 1.89) et de l 'enthalpie (xl = -- 1.86) ~. 380 K, 
ainsi que la temp6rature th6ta: O = 101 ~ 

Pour  les solutions concentr6es, les quantit6s thermodynamiques caract6ristiques de la 
fusion de l 'oligom6re d6pendent du poids mol6culaire et les valeurs obtenues en se servant 
de la temp6rature au sommet du pic ATD sont en bon accord avec celles de l '6quation donnant  
1 'abaissement du point  de fusion. 

ZUSAMMENFASSUNG - -  Ein zur Messung von Polymerl~3sungen geeignetes DTA-Ger~it wurde 
konstruiert .  Mit  Hilfe dieses Geriites wurden die Phasengleichgewichte sfimtlicher Konzentra-  
t ionen des Systems Oligo(iithylenoxid)-Wasser studiert. Im Bereich der verdtinnten L6sung 
wurde die Prii.zipitierungstemperatur aus der sigmoiden DTA-Kurve  bestimmt. Die thermo- 
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dynamischen Parameter  der Entropie  kv~ = -- 1.89 und der Enthalpie x~ = -- 1.86 (bei 380 K)  
sowie die The ta -Tempera tur  @ = 101 ~  warden  ermittelt. 

W/ihrend in konzentr ier ten L6sungen  die the rmodynamischen  Gr6f3en, welche f~hr das 
Schmelzen des Oligomers bezeichnend sind, vom Molekulargewicht  abhangen ,  sind die aus 
dem Peak der D T A - K u r v e  und der Gleichung fiJr die Herabse tzung des Schmelzpunktes  er- 
mittelten Werte in guter  (3bereinst immung.  

Pe3ioMe - -  Ormcana rOHCTpyr~fl npHOopa ~ T A ,  r Ipnroanoro  nail H3MepeHHrI EIOYlHMepITblX 
paCTBOpOS. C nOMOU_~ro 3TOFO npn6opa  n3y~feHo qba3oBoe paB~oBecHe no Bce~ rOHUeHTpaI~rtrI 
CI, teTeMbI o.rlHFO3TI~.rleHOKCH~ - -  BO)Ia. nO KpHBO~ ~ T A  CHFMOH~a.rlIaHO~ OOpMbI, Ol~pe~eaeHa 
TeMnepaTypa ocax~ennn B o6~acTn pa36aB~eHHoro paCTBOpa. PacodeiTanbi TepMO~HHaM/~- 
aecKne napaMeTp~,i aHTponari ~ = 1,89 n aaTanl, nHri x t ~- - -  1,86 (nprt 380 K) ~ TeMnepaTypa 
O = 101 ~ B cny~ae KOHtleHTpHpOBaHHOFO paCTBOpa TepMo,~maMk-qecrd~e BenrlqaHbt, xapaK- 
TepH3y~o~e HHaB~eHHe On~roMepoB, 3aB~aC~T OT Mo~teKy~npHOrO Beca ~ nx 3na~eHrte MO~HO 
~OBO3I]bHO xopoI~O onpe~enaT~, no rmKy xpr~Bo~ ~ T A  n ypaBHeHHrO ~Y~H ;~errpeccnn ro~er  
rl.rlaB.rleri~l~/. 
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