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Thermodynamic Study on the Polyvinylpyrrolidone + Water,
+ Alkanol (n =1~4), + 1-Methyl-2-Pyrrolidone at 298.15 K

Takuya Sugiura, Fumio Kimura, and Hideo Ogawa
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Enthalpies of solution of polyvinylpyrrolidone (PVP, molecular weight average, Mw =
1 X 10%) in water, alkanol (n = 1 ~4) and 1-methyl-2-pyrrolidone (NMP) were measured at 298.15
K using newly constructed calorimeter to investigate the solvation behavior of PVP in those
solvents. Enthalpy of solution of PVP in water is exothermic. Enthalpies of solution of PVP in
other solvents are smaller than uncertainty of calorimeter. Densities and sound velocities were
also measured in same series of solution to calculate partial specific volumes at infinite
dilution, Vy %, partial specific isentropic compressions at infinite dilution, K>, of PVP of
different molecular weight. And viscosity was also measured to evaluate specific viscosity, 7sp,
of these solutions. V> of PVPs in water is larger than V> of PVPs in alkanols, and K,w.*
of PVPs in water is zero. For the alkanol solutions, Vw2, Ksw2® and nsp of PVPs increase
with increasing number of carbon atoms in the alkanol molecules. V% in NMP shows the largest
value among all systems investigated. Positive values of K, mean that solvent molecule
surrounding PVP are easily compressible, for NMP system.

Keywords: polyvinylpyrrolidone; enthalpy of solution; partial specific volume;
partial specific isentropic compression; specific viscosity
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Table 1 Densities and sound velocities of used solvent
in this study at 298.15 K.

Solvent d u Literature value of dV
gcm—3 ms-—! gecm—3

NMP 1.02799 1545.17 1.0259

Methanol 0.78651 1103.08 0.78637

Ethanol 0.78512 1143.59 0.78493

1-Propanol 0.79968 1206.34 0.79960

1-Butanol 0.80577 1240.24 0.80575
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Table 2 Enthalpies of solution of polyvinylpyrrolidone
(Mw =1 X 10% in NMP, water and alkanols
(n=1~4) at 298.15 K.

Mass fraction Volume fraction AsornH
mass-% vol-% Jg-!
NMP
0.733 0.609 -5.8
0.687 0.571 7.4
0.695 0.577 —14.4
0.717 0.596 19.1
0.726 0.603 17.4
average 4.7
error 5.8
Water
0.717 0.571 —116.4
0.761 0.606 —-122.9
0.727 0.580 —-117.2
average —119.0
error 2.0
Methanol
0.991 0.545 1.7
0.803 0.480 1.9
0.870 0.521 -1.9
average 0.6
error 1.2
Ethanol
1.062 0.647 3.3
0.968 0.589 25.0
0.962 0.586 —-2.8
average 8.5
error 8.4
1-Propanol
0.998 0.628 18.1
0.952 0.599 —5.8
0.997 0.615 13.9
average 8.7
error 7.4
1-Butanol
0.862 0.551 —-16.9
0.879 0.562 8.7
0.895 0.572 13.5
average 1.8
error 9.5
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Fig.3 Conceptual diagram of concentration dependency

of enthalpy of solution, AsunH, for poly-
vinylpyrrolidone (W =1 X 10% in water and
alkanols (n = 1 ~4) at 298.15 K. Hypothetical
enthalpy level of liquid pure polyvinylpyrrolidone
was assumed arbitrarily. A: aqueous solutions,
O:r

[: 1-propanol solutions, <: 1-butanol solutions.

methanol solutions, A: ethanol solutions,
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Table 3 Densities

and

sound velocities

of poly-

vinylpyrrolidone - NMP solutions at 298.15 K.

Concentration d u
mass-% gecm—3 ms !

Mw =1 X 10
1.0033 1.02969 1546.72
2.0251 1.03148 1548.39
2.9843 1.03316 1549.92
4.0073 1.03496 1551.73
5.0018 1.03673 1553.25
8.1599 1.04236
12.1931 1.05004
16.6062 1.05770
20.9993 1.06589

Mw =4 x 104
0.9897 1.02971 1546.78
2.0255 1.03153 1548.42
3.0224 1.03330 1550.32
3.9914 1.03505 1551.50
5.0629 1.03692 1553.17
7.3926 1.04109
9.7858 1.04532
12.2788 1.04995

Mw =3.6 X 10
0.9833 1.02840 1546.93
2.0410 1.03200 1548.45
3.0120 1.03378 1550.04
4.1174 1.03580 1551.46
4.9668 1.03737 1553.31
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Table 4 Densities
vinylpyrrolidone - aqueous solutions at 298.15

and sound velocities of poly-

B&

Table 5 Densities

vinylpyrrolidone - methanol solutions at 298.15

and sound velocities of poly-

K. K.

Concentration d u Concentration d u
mass-% gcm—3 ms-! mass-% gcm—3 ms-!

Mw =1 X 10* Mw =1 x 10*
0.9844 0.99904 1500.82 1.2242 0.79047 1106.02
2.0019 1.00114 1505.03 2.4933 0.79455 1109.27
2.9976 1.00319 1509.22 3.7157 0.79853 1112.77
4.0443 1.00535 1513.74 5.0156 0.80280 1116.41
5.0761 1.00742 6.1899 0.80669 1119.89
8.0205 1.01365 10.0093 0.81960
12.1474 1.02246 14.9067 0.83667
16.6325 1.03228 19.8824 0.85465
21.1169 1.04235 24.9527 0.87361

Mw =4 X 10 Mw =4 X 10
1.0060 0.99914 1500.94 1.2606 0.79063 1106.62
2.0064 1.00122 1505.09 2.4854 0.79453 1109.66
3.0007 1.00330 1509.10 3.6952 0.79845 1112.70
4.0390 1.00547 1513.70 4.9951 0.80272 1116.37
5.0016 1.00749 1517.89 6.1969 0.80669 1119.82
7.4149 1.01262 9.0512 0.81625
9.6804 1.01747 12.0554 0.82661
12.2076 1.02297 14.8675 0.83646

Mw =3.6 x 105 Mw =3.6 x 105
1.0113 0.99922 1501.17 1.2461 0.79053 1106.11
1.9880 1.00133 1505.38 2.5277 0.79471 1109.37
3.0392 1.00363 1509.33 3.7027 0.79855 1112.12
4.0485 1.00590 1514.42 4.9606 0.80275 1115.27
4.9872 1.00799 1518.52 6.1971 0.80692 1118.58
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Table 6 Densities

vinylpyrrolidone - ethanol solutions at 298.15

and sound velocities of poly-

Table 7 Densities
vinylpyrrolidone - I-propanol solutions at

and sound velocities of poly-

K. 298.15 K.
Concentration d u Concentration d u
mass-% gcm—3 ms—! mass-% gcm—3 ms-—!
Mw =1 X 104 Mw =1 X 104
1.2345 0.78903 1146.86 1.2304 0.80329 1209.16
2.4669 0.79289 1149.77 2.4797 0.80710 1212.03
3.6969 0.79678 1152.96 3.7499 0.81101 1215.11
4.9896 0.80092 1156.49 4.9981 0.81488 1218.38
6.1663 0.80472 1159.66 6.1775 0.81849 1221.24
10.0048 0.81735 10.0184 0.83066
14.8911 0.83404 14.8896 0.84658
19.9386 0.85170 19.7761 0.86308
24.9967 0.87017 24.9108 0.88104
Mw =4 x 104 Mw =4 x 10*
1.2362 0.78908 1147.45 1.2163 0.80335 1209.36
2.4992 0.79303 1150.35 2.5085 0.80727 1212.15
3.7307 0.79696 1153.37 3.7039 0.81093 1214.94
5.0574 0.80121 1156.82 4.9883 0.81490 1218.14
6.1845 0.80483 1159.67 6.1707 0.81860 1221.09
8.8864 0.81374 9.1405 0.82807
11.9925 0.82421 12.0688 0.83751
14.8685 0.83400 14.8762 0.84678
Mw = 3.6 X 105 Mw = 3.6 X 105
1.2373 0.78907 1146.54 1.2583 0.80351 1209.19
2.4715 0.79297 1149.24 2.4947 0.80733 1211.77
3.7101 0.79698 1152.26 3.6953 0.81109 1214.45
5.0191 0.80122 1155.66 4.9854 0.81518 1217.44
6.1801 0.80508 1158.53 6.2235 0.81919 1220.48
Fkooihs,
Vepa™ = lbim( ov ) (1)
0\ oWy Jopm o= (LV) _ b 3)
V\ieP /s du?
o, kR ERENW, THI- THU RO N AMHEITEIL L 2
W, VAL kg BT ORFEVIW, ST AEE L RO B & F72, WELER K, W 1A TEFR L 72,
KWWy o7y M, A B CHEsin 221t -
BEIMFE72LRD) 2T 5, Ve @ldZ078y MIBITS Kiw = — (5)5: VK (4)

PEMEFOME & LT N SREIC L o TR LS,

Vw2® = lim
c—>0

( o VIW,

o WalW, ) 0.P.W,

_AWiw @)
AW/ W)

L DOWIELEHER 1 (X Laplace DR L d & &8 205

Netsu Sokutei 36 (3) 2009

135

HERRATHUC BT 2 1 g 24720 OB WIEL LA Ko w2
RO &S e ENS,

(%)

)T,P,W,

FR IR Vi 2 = ETIRRIZ, Koo @3 AHHRIE IS B\ T
1 kg 721 DI Ko W/ Wil 2 63 & SO H &



=
[2iii]

Table 8 Densities and sound velocities of poly-

vinylpyrrolidone - 1-butanol solutions at 298.15

K.

Concentration d u
mass-% gcm—3 ms-!

Mw =1 X 10
1.2123 0.80940 1243.06
2.4084 0.81294 1245.54
3.7085 0.81682 1248.42
4.9998 0.82072 1251.33
6.1539 0.82422 1253.70
10.0463 0.83630
14.9364 0.85192
19.8844 0.86821
24.8444 0.88521

Mw =4 x 104
1.2305 0.80944 1243.04
2.4909 0.81318 1245.82
3.7029 0.81681 1248.47
4.9829 0.82073 1251.16
6.1844 0.82436 1253.72
9.0489 0.83328
12.0624 0.84282
14.8743 0.85193

Mw =3.6 x 105
1.2947 0.80976 1243.23
2.4821 0.81334 1245.27
3.7021 0.81712 1247.89
4.9721 0.82113 1250.58
6.1585 0.82491 1253.26
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for polyvinylpyrrolidone in water, alkanols
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K2, for polyvinylpyrrolidone in water, alkanols
(n =1~4) and 1-methyl-2-pyrrolidone at 298.15
K.O: Mw =1 X 104, A Mw =4 X 104, [ Mw
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Table 9 Partial specific volumes at infinite dilution and
partial specific compressions at infinite dilution
of polyvinylpyrrolidone in the several solvent

at 298.15 K.
Solvents Vwa® Ksw2®
cm? g-! cm3GPa-lg-!
Mw =1 X 10*
NMP 0.8086 0.1816
Water 0.7980 0.0252
Methanol 0.7580 —0.3416
Ethanol 0.7712 —0.2513
1-Propanol 0.7840 —0.1220
1-Butanol 0.7903 —0.0498
Mw =4 x 104
NMP 0.8070 0.1824
Water 0.7950 0.0229
Methanol 0.7591 —0.3272
Ethanol 0.7699 —0.2451
1-Propanol 0.7823 —0.1169
1-Butanol 0.7885 —0.0508
Mw =3.6 X 105
NMP 0.7841 0.1640
Water 0.7845 0.0065
Methanol 0.7530 —0.2990
Ethanol 0.7634 —0.2302
1-Propanol 0.7722 —0.1140
1-Butanol 0.7742 —0.0596
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Fig.6  Solution viscosity, nsp/C, against concentration
of polyvinylpyrrolidone (Mw =1 X 10%) at 298.15
K. @: 1-methyl-2-pyrrolidone solutions, A:
aqueous solutions, O: methanol solutions, A:
ethanol solutions, [J: 1-propanol solutions, <:
1-butanol solutions.
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Fig.7 Solution viscosity, nsp/C, against concentration

of polyvinylpyrrolidone (Mw = 4 X 104) at 298.15
K. @: 1-methyl-2-pyrrolidone solutions, A:
aqueous solutions, O: methanol solutions, A:
ethanol solutions, [J: 1-propanol solutions, <:
1-butanol solutions.
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Fig.8 Solution viscosity, nsp/C, against concentration

of polyvinylpyrrolidone (Mw = 3.6 X 105) at
298.15 K. @: 1-methyl-2-pyrrolidone solutions,
A: aqueous solutions, O: methanol solutions,
A: ethanol solutions, [J: 1-propanol solutions,
<1 1-butanol solutions.
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