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EVIDENCE OF ASSOCIATION IN THE
TETRAHYDRQFURAN·WATER SYSTEM
DEAN MONTGOMERY, B. O. HESTON and FORREST BLANKENSHIP,
UDlftI"IIt1 01 Oklahoma, Norman

!JrraOD17CTIOK. Lattice hydrates have been under investigation at the Univer
alty of Oklahoma since IM5 (1,5>' The more famlliar types of hydration due
to hydrocen bonding and to co-ordination are fairly well understood and are
encountered with substances showing complete water miscibWty. By con
trast, lattice hydrates, formed by Uquids with so Uttle aff1n1ty for water as
to be tnsoluble, have not been thoroughly stUdied or explained. In general, they
emt only in the solid state and melt or decompose to form two immiscible
liquid layers alnce the compound composlt1on Ues well Within the region of
lmm1ac1bWty.

H. A. Palmer, an ONR fellow, has shown that tetrahydrofuran forms a
hydrate which contains a relatively large number of molecules of water and
apparently is a member of the lattice hydrate group in spite of the tact that
tetrahydroturan is completely m18cible with water (4).

Aocor<l1nIly, it was of interest to examine the tetrahydrofuran-water system
for evidence of assoclation in the UqUid state. SUch evidence is sometimes
founslin data on vapor pressure, v1aco81ty, surface tension and other physical
PI'QI)Vtlea of lO1uUona.

Very UtUe phyalcal data exists; before its introduction as an industrial
lDtermed1ate and solvent early in 1948. tetrahydroturan was not commonly
available.

B91dence of positive deviation from Raoult's Law was provided by the
mlDlmum boWna ueotrope conta1nlna 4.3% water and bo1l1ng at 83.4-83.8°C (2).
Tbe normal bo111DI point of tetrahydroturan was 85.4°C. This did not rule
out \be poealbtl1ty of &88OClation in the water-rich concentration range.

lbPDDIIIn'AL. Data on vtacoslty and surface tension were not ava1lab1e,
anel 8Ince predae reaults were not required, the measurements were assigned
to laboratory atuclents enrolled in a Phyatco-Chemlcal Measurement course
• the 'ODlftl'S1\y of Oklahoma. The tetrahydroturan had a refractive index of
1.401' at .·0 and was used as obtained from the Columbia OrpnIe Chemical
00mpanJ. without further purltlcaUon. DeDa1Uea of aoJutions were obtained
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by means of student-type Westphal density balances, and all callbrationa
were made on distllled water. The procedures were those described in a widely
used laboratory manual (3).

Surface tensions were measured by the capUlary rise method on solutions
that were mixed by volume.

Viscosities were measured with Ostwald vtscometers. In this case stock
solutions were mixed by weight. ThermostatUng was accomplished manually
at 0, 20, 30, and 40°C using large beakers of water. The solution conta1n1nl
25% by weight tetrahydrofuran was supercooled at O°C, and in a few in
stances the hydrate crystall1zed. However, the supercooling tendency was
sufficient to permit reproducible viscosity measurements through the meta
stable region.

TABLE I

Surface Tension <D7/nes/Cm> at 25°C.

STUDENT

GROUP

VOLUJO

o

TE'rRAHYDRO
J'U1lAN

75 100
A 71.9'1 dynes /em 34.2 dynes/em 30.4 dynes/em 29.1 dynes/em 28.8 dynes/CDl
B 71.9'1 dynes/em 35.3 dynes/em 30.8 dynes /ern 28.4 dynes/em 28.8 dynes/em
0 71.9'1 dynes /em 32.8 dynes/em 29.8 dynes/em 28.7 dynes/em 28.3 dynes/em
D 71.9'1 dynes/em 34.5 dynes/em 29.9 dynes/em 29.0 dynes/em 27.4 dynes/om
B 71.9'1 dynes/em 32.8 dynes/em 27.5 dynes/em 28.0 dynes/em 25.0 dynes/em
p 71.97 dynes/em 33.8 dynes/em 30.2 dynes/em 33.3 dynes/em 28.2 dynes/em

Av. 71.97· dynes/em 33.6 Dynes/em 29.7 dynes/em 29.0 dynes/em28.4 dynee/em
·Lange. Handbook of Ohemlatry, Sixth Edition, (1948).

TABLE II
Viscosity 01 Tetrahydrofuran - Water Solutions (MaUpo#.les)

WEIGHT PERCENT Tl:rRAHYDROruRAN
STUDENT 0% 25%

4000 5O~00GROUP 0°0 20°0 30°0 40°00°0 2000 000 20°030°0 40°0
A 42.5 19.2 13.3 11.2 43.7 20.3 15.0 12.8
B 41.5 19.8 13.4 11.8 42.2 20.8 15.1 12.0
0 42.8 19.7 42.1 21.6
D 41.2 19.0 41.8 20.8
B 21.2
p 20.4

Average 17.94· 10.09· 8.004· 8.538 ',1.9 19.4 13.3 11.3 42.2 20.8 15.0 12.4
WEIGHT PERCENT TnRAHYDROruRAN

STUDENT
GROUP 0°0 20°0 30°0 40°0 0°0 20°0 30°0 40·0 o·e

75% 100%
A 21.5 13.5 10.4 8.81 8.70 5.48 4.94 4.28
B 21.7 13.4 10.1 8.72 5.55 4.85
0 22.1 12.7 8.32 5.34
D 22.7 14.7 7.46 5.50
B 22.9 12.9 8.41 5.58
P 13.3

Av. 22.2 13.4 10.2 8.81 8.52 5.48 480 4.28
·Lange, HandboOk of Chem1ltrY. 81xth atltlon, (1948).

RBsm.TS. The values reported in Tables I and n are the result of a careful
screen1ng of students' reports and the rejection of doubtful values. The mas
imum deViation from the med1an was 5% for surface tenI1on, and 2.6%' tor
Viscos1ty escept at 30° and 40° where only a few students worked and ae1ected
values were chosen. For graphing In Plgure 1 and 2 composttlons were
cnnverted to mole nercent.
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FIGURE 1

CoHCLVSIOIIS. The marked vJacos1ty maximum at about 15 mole percent
tetrabydroturan incUcates a h1gh decree of assoclatlon. The fact that the
temperature coefficient Ia greater for the maxlmum than for pure water may
mean a h1Iher decree of asaoc1atlon than is found in pure water because the
MeneJ'l)' of activation" for v1sco81ty presumably depends, among other things,
on the aile of ""hole" reqUired for Uro1l1nl" agreptea. AccorcUng to the absolute
~on rate theory, larcer Mholes" for b1ner aaregatea require larger energ
lei of activation living correspondiJ1a1y greater temperature coefficients.

Poalbly the surface tenalon curve should be considered as two contiguous
curv.. In the l'eI1on from pure ....ter to the break. the m1ztures are comprised
of water aDd bJdrated aarecatea. BeJ'ODd the break. the mixtures are compr1sed
of IQdrated aancates aDdte~
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VISCOSITIES OF TETRAHYDROfURAN

WATER SYSTEM AT O~ 2O~30°& 40°
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FraUBB 2.



PROCEEDINGS OP THE OKLAHOMA

This same mechan1lm or a related one may be operating in other systems
Ihow1nI a stmnar vI8cos1ty and surface tension behavior, as for example,
water solutions of methanol and ethanol.
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