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INTRODUCTION 

Since approximately two-thirds (12) of the energy from the 

fuel in automobile engines is converted to unusuable heat, it is 

necessary that a method of cooling the engines be provided. In 

mo st pt'esent-day engines of t his t ype, an indirect method i s uti-

lized, namely, the transfer of heat to a liquid and t hence from 

the liquid to the surrounding air by means of radiators . Water is 

universally used for the coolant liquid because of its availability 

and high heat transfer :rr operties. Howe:ver, water has its limi ta-

t ions. 

A significant limitation of water as a coolant is i ts cor-

rosive action causing rust clogging and m3 t a l perforation. Water 

is a very stable compound, but i t attacks certain cooling system 

metals vigorously under the influence of heat and aeration. Even 

more significant t han t hese is its high freezing point. 

Ever since the automobile reached the point of perfection 

that made it usable in the colder seasons of the yea:r , men have 

been searching for coolants with freezing points lower than that 

of water and possessing the desirable coolant characteristics of 

water . In addition to an adequately lower f reezing point , it is 

a necessary requirement tha t an antifreeze does not jJnpart unde-

sirable properties t hat would interfere with cooling engines 

efficiently. It is also highly desirable that the substance 

reduce the corrosive tendency. 

1 
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Many substances have been tested that could be used in below-

freez:ing temperatures . Some of these are oils, sugars , inorganic 

and organic salts , various alcohols , glycerol, and several glycols . 

The oils , sugars , and salts have proven highly unsatisfactor y (12) . 

Of the usable materials so far test ed, the gl ycols have generally 

proved to be the most satisfactory. 

Ethylene glycol (someti,nes called "gl ycol" or "ethandiol- 1,211 ) 

has been in use the longest of any of the gl ycol compounds . I t proba-

bly first appeared on the market under t he trade name of "Eveready 

Prestone 11 , manufactured by the National Carbon Company. lore recently 

diethylene glycol Y-3,,B:.dihydroxyethyl ether or glycol ether) and pro-

P1Jlene glycol (propandiol-1, 2) have become commercially available . 

In 1941, approximately one-third of the automobiles in use in 

the United States used antifreezes having an ethylene gl ycol base (12) . 

The reasons for the present wide use of these gl ycols for antifreezes 

are many. First of all , they have freezing points lower than that of 

water and when rn:i..xed with water (they are soluble in water in all 

proportions due to their polar nature) i n varying pr oportions, exhibit 

freezing points of the pure glycols are as follows : ethylene gl y col 

-13. 5°c . (~), diethylene gl y ol -10. L~5°C . (111.) . These glycols also 

show boiling points higher than that of water . The literature lists 

these temperatures as follows : ethylene gl ycol 197 . 40°c . (il) , 

diethylene gl ycol 244.33°c . (11), and propylene glycol 189°C . (lh) . 

They are also generally less corr osive on metals . Tabulated below (_g) 

are the weight losses in mg . /12 sq. in . /200 brs . at 170°F'. of various 



metals found in engine cooling systems for ethylene glycol and 

distilled water. 

Ethylene Glycol 
Solution-l} 

Distilled ~fater 

Iron 

793 

1524 

Aluminum 

45 

5 

Copper 

101 

93 

Brass 

101 

93 

Solder 

267 

234 

In their study of the thermal conductivities of ethylene 

glycol-water solutions , Bates and Hazzard(~) found the following 

values at 8o0 c.: 

Ethylene Glycol 
(% by weight) 

100 

50 
0 

. -1 - 2 0 -1 Kt is in g .-cal ., sec . , cm. , C. ,cm. 

0~ 000.580 

0 .001000 

0 . 001630 

3 

However , Gr een, Lamprey, and Sommer (12) found no measurable dif-

ference in the heat transfer properties of water and ethylene glycol. 

The two prominent undesirable properties of the glycols as anti-

freezes, namely , foaming and creepage , can be effectively reduced 

by adding the proper antifoaming and anticreep agents (12) . Like-

wise corrosion may be reduced by the proper inhibitors (cf . 17, 21) . 

•(·Sol ution of ethylene glycol and water having a freezing point of o°F. 



General Properti es of Solutions 

Some of the aspects of the theory of liquids and solutions 

must now be considered . A liquid may be regarded as a condensed 

gas or as a melted solid (~) . In this work it is more advantageous 

to consider a liquid as a melted solid . 

At any instant liquids do possess something analogous to a 

definite arrangement between neighboring molecules, as shmm by 

the patterns they exhibit when X-rays are passed through them (~) . 

Moreover , they require the expenditure of energy when one layer of 

l iquid is forced past another . These facts seem to be explained 

best on the hypothesis that the molecules are s:i_ueezed together by 

their own forces of mutual attraction but tnat each molecule has a 

free vol ume surrounding it, in which it behaves effectively as an 

ideal gas . In a solid the molecules cannot move from one place to 

another , but in a liquid they can , provided that a small amount of 

energy is sup.r:-'lied. The differences in the properties of viscosity 

and heat transfer between different liquids depends, at least 

partiall y , upon the differences of their mutual attraction forces . 

A sol ution may be defined as a homogeneous system composed 

of two or more different chemical substances . Such a homogeneous 

system exhibits the same chemical composition and physical prop-

erties in every part . Since a sol ution is formed by an inter-

dispers i on of single molecules rather than groups of molecules , 

i t i s reas onable to expect that they should exhibit to a modified 

• 



degree some new properties in much the same manner that elements 

do when combined to for m a chemical compound. This reas oning is 

exemplif ied by the freezing points of certain binary sol utions . 

5 

An ideal solution(~) is one in which no special force of 

attraction exists bet ween the components of t he solution , and no 

change in internal energy i s produced on mixing . Under t hese con-

ditions no change in the character of liqui ds i s produced by mixing, 

mer el y a dilution of one l i quid by the other . When two l i quids are 

mixed to gi..ve an ideal solution , there is no heat effect , and the 

properties are s trictly additive . While the f reezing poi nts of 

s ome binary sol utions may theoret i call y be l inear functions of t he 

compositions , mos t of them exhibit maxima or minima . This means 

t hat, in the case of a minimum, a solution would have a freezing 

point lower than that of e i t her of its pure component s . The same 

t ype of phenomena is f ound in boiling points of solutions . 

Several different t ypes of co mpos ition--freez i ng point 

curves (22 , ~ ) are exhi bited by binary solutions . The following 

figures represent some of the silnpler freezing point curves found 

in binai~y s olutions . Fi gm~es 1 and 2 show freezing point depres-

sions with two types of single rninllil.a , whil e Fi gure 3 is an example 

of compound for mati on with a congruent melting point . Figure 4 
exhi bits a maximum in a f reezing point elevation . 
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Fig. 1 Simple Freezing 
Point Depression 

0 100 
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Fig . 3 Compound Freezing 
Point Depression 

0 100 
Wt. % Component A 

Fig . 2 Eutectic Freezing 
Point Depression 
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Fig . h Siniple Freezing 
Point Elevation 

100 
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The deviations causing abnormalities such as those shown in 

the above figures rna.y be caused by any one or a combination of 

seve~al phenomena (2J) . If one of t he components is lmown to asso-

ciate to form dimers or tr~ners, the number of effe ctive molecules 

in the system will be reduced accordingly, and the observed lower-

ing of the freezing point will be less than that predicted for the 

ideal case. It is also conceivably possible that association may 

occur in both components in some instances . 

Another very common fol"Ill. of deviation occurs when components 

A and B partially combine in the liquid phase to form a third sub-

stance AB . In such cases , the deviation from ideality is often 

said to be due to salvation, or molecular compound formation. 

In some cases the molecules of one component dissociate to 

form two or more molecules , thus increasing the effective number 

of molecules and giving rise to freez ing point de}Fessions greater 

than those calculated for the ideal case. 

One of the mechanisms of interaction leading to nonideal 

solutions is that in which a "hydrogen bond11 (2, 26) can be formed, 

making the A- B attraction greater than the A-A or the B- B attrac-

tion. Other mechanisms of association may well be the common 

dipolar (27) and induced dipolar (10) effects . 

7 

It is lmown that the freezing point of a binary system such 

as ethylene glycol-water is not a linear function of the composition 

(2). Rather, each component present tends to lower t he freezing 

point of the other and the minimum freezing point of the system 
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will be exhibited by compositions intermediate betvreen the two pure 

substances. In this t ype of binary system the minim.um freez:ing point 

is lower than that of ei ther of t he pure components . According to 

Romstatt (18) tll:n.e eutectic po:int of t he composition- freezing po:int 

curve of ethylene gl y col-water occurs at 35 per cent water and -67°c . 

It follows theoretically that in a ternary system each of the 

three components would tend to lower the freezing point of t he other 

two and thereby the system as a whol e would exhibit a greater freezing 

point depression than that f ound in the binary system des ignated above. 

It also follows that , given a minim.um f reezing point of a two- component 

sys tem, such as ethylene gl ycol-water , the same freezing point depres-

sion would be accomplished in a three -component system, such as 

ethylene glycol--diethylene glycol--water , by the use of a smaller 

percentage of combined gl y cols . 

No method has as yet been r epor ted for calculating mathe-

-matical ly the freezing poi.nt lowering in a ternary system of vola-

tile components . It is , therefore, the purpose of this investigation 

to determine experimentally whether there i s a greater f r eezing point 

depression in the ternary sys t em ethyl ene gl ycol --diethylene glycol--

water than in either of t he binary systems ethylene glycol--water or 

diethylene gl ycol--water and t o determine quantitativel y the differ-

ences in the freezing point depressions of these systems . It is the 

further purpose to determine other suitable physical constants for 

the i dentification of compositi ons and to gain additional i nformation 

concerning the comparative desirabilities of these solutions as 

antifreezes. 



METHOD OF INVESTIGATI ON 

Since the freezing point of a solution is a function of its 

composition, it is necessary t hat an ample number of solutions of 

varying composition be studied in or der to d eterrnine t he type of 

fre ezing point curve and to locate the eutectic point , i f one be 

present . The f reezing point of any composition may be obtai ned 

9 

from a smooth curve plotted from the experimental data . It is 

possible then fr om these curves to compare the differences in the 

freezing point depressions of the systems ethylene glycol- -diethylene 

glycol--water, ethylene glycol--water , and diethlene glycol--water . 

Theoretically freezing points and melting poi nts are the 

s ame . However , in actual practice a small difference is found 

between t he two values . Spangler and Davies (20) found in their 

work that the t wo values differed by 0 . 02° to 0.05°c . The differ-

ence wBy be greater, depending upon the method and apparatus used. 

Freezing points rather t han me lting points were chosen f or this 

i nves t i gation because the value of an antifreeze substance is 

based upon the temperature at which it freezes or s olidif i es . As 

a matter of fa ct, the minimum safe temper ature is actually b elow 

the freezing point . For an ethylene glycol--water sol ution that 

freezes at o°F. , Green , Lamprey , and Sommer (12) report that the 

minimum safe temperature is from - 8 . 0° to - 11. 5°F. They further 

state that since this 11 safe11 temperature varies with the composition , 

the only practical basis f or determining antifreeze protection is the 

use of a ctual f r eezing points . 
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The value of an antifreeze substance also depends upon its 

boiling point. It is highly desirable that an antifreeze have a 

boiling point higher than that of water to prevent i t f r om boiling 

off dur i ng use. Since it is not pos sible to calculat e mathematically 

the boiling points of ternary solutions, the deter minat ion of these 

constants were included in the present study . Boiling points are 

also useful to a l imited extent for i dentification of composit ions. 

Since t he boiling point varies with atmospheric pr essure, it 

becomes necessary to determine these constants for all sol utions at 

the same pressure or to use a means for correcting to t he same 

pressure the values read at various pressures of t he atmosphere . 

One method of correcting boiling point temperatures at vari ous 

barometric pressures to normal pressure involves the use of the 

Sydney Young equation (15). 

cc = o.00012(760-P)(273ftc) (1) 

C is the correction to be made on the observed temperat ures t on 
C C 

the Centigrade scale and Pis t h e actual barometric pr essure in 

millimeters of mercury . Howe:ver, as pointed out by Hoyt (15), t he 

Sydney Young equation is applicabl e only to non- polar substances 

vnth low lielectric cons tants . Ethylene gl ycol (HOCH2 •CH20H), 

diethylene glycol (HO• CH2• CH2•0· CH2• CH2•0H), and water ar e all 

polar compounds; hence , t his formula i s not valid for the pre sent 

work. 

Equation (1) may be made applicable to other t ypes of com-

pounds by the substitution of K for the constant 0.00012, where K: 
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is given a spe cific value for each t ype of compound. The inval-

idity of t his modification arises in the pr esent work from the fact 

that no constant has been determined for the gl ycols. The matter 

is further complicated by the f act that t he present investigation 

deals with solutions instead of pure liquids. 

Other correction methods are given in the literature (24), 

but all involve a previous determination of constant values for 

each liquid or solution studied . Due to the foregoing diffi culties 

encountered in corrections of boiling poi nts fr om a tmospheric to 

standard pressure, the me thod of determining boil:ing points at 

standard pressure was utilized in t he present i nvestigati on . 

A necessary criterion of a s t udy of numerous sol utions such 

as encountered in the pr esent ter nary system involves the use of 

some physical constants for i dentificati on purposes. I t i s highly 

desirable t hat t hese cons t ants can be -quickl y and a ccuratel y 

determined. To conform wit h t hese specif ications , t he index of 

refraction (Abb~) and t he relative density were chosen f or t he 

problem at hand (~, 13). 

The interpretation of the accumulated dat a necessi tat es the 

plotting of a suff icient number of curves showing the r el ations hi p 

between physical cons tants and compositions. 
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EXPERIMENTAL 

Mat erials Used 

The ethylene gl ycol and t he diethylene gl ycol wer e the purest 

grades c ommercial l y avail abl e fr om Paragon Laborat ories Inc . They 

were not fur ther pruified because of t he impr acticability of further 

purifi cation f or antifreeze use on a commercial sca le . Distil led 

wat er was obta ined from the laborat or y s uppl y and was not redis t i l led . 

The constants of t he materials are sl-wirn in Table I . 

TABLE I . PHYSICAL OJNSTAN'rS OF MATERIALS USED 

Constant 

n25 
4 

FP( °C) 

Et hylene Gl ycol 

Literat ure 

1.4300 (20) 

197 .2 (Jl ~) 

- 13 . 2 (11) 

Experimental 

1.4321 

l. ll1.r7 

- 13 . 1 

# absolute dens ity 
nfi5 indicates refr act i ve i ndex for t he D l i ne of sodium at 25°c. 
dft5 indicates dens i ty at 25°c. as suming the density of wat er as 1 at 4°c. 
BP76 indicates boiling point det er mined at a pres sure of 76 cm. 
FP is .freezing point 
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TABLE I. PHYSICAL CONSTANTS OF MATERIALS USED (Continued) 

Diethylene Glycol 

Constant Literature E~erimental 

~5 1.4475* (20) 1.4467 

d25 
4 1.n77* (14) 1.1169 

BP76(0C) 244.3 (11) 239.2 

FP( 0 c) -6.5 (14) 
-10.45 (14) 

Water 

Constant Literature Exper imental 
n25 
D 1.3330* (15) 1.3345 

d25 4 0.99707 (15) 1.0010 

BP76(oc) 100.0 100 .5 

FP(°C) o.o -o.4 

* determination made at 20°c. 
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Preparation of Samples 

To be able to plot valid smooth curves and detect eutectic 

points , it was deemed necessary to make up solutions varying in 

composition by 10 per cent by weight . Master solutions of ethylene 

glycol and diethylene glycol were first made up varying by 10 per 

cent by weight f r om 100 per cent gl ycol to 100 per cent diethylene 

gl yco l. Six hundred grams of ea ch composi tion was prepared . 

TABLE II . COMPOSI TION OF :tvlAS'I'ER S011ITIONS 

Composition (% by weight) 
Series Number Ethylene Glycol Diethilene Gl;zcol 

I 0 100 

II 10 90 

III 20 Bo 
IV 30 70 

V 40 60 

VI 50 50 
VII 60 40 

VIII 70 30 

IX 80 20 

X 90 10 

XI 100 0 
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From each of these seri es, solutions were made with water by vary-

ing the composition by 10 per cent steps, as shown in the example 

below. 

TABLE III . EXM<IPLE OF THE COMPOSITION OF TERNARY SOLUT IONS 

Composition (% by weight) 
Solution Number Series I Water 

1 100 0 

2 90 10 

3 80 20 

4 70 30 

5 60 40 

6 50 50 

7 40 60 

8 30 70 

9 20 80 

10 10 90 

One hundred gram samples of each of these final solutions were pre-

pared. Thus a total of 110 solutions were prepared (including the 

two pure glycols) . All solutions were weighed i nto Erlenmeyer flasks 

of appropriate size on an Ohaus trip balance . In the manner used, 

this balance had a sensitivity of 0 .05 gram. 
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Freezing Points 

A Beckmann molecular weight freezing point apparatus was used 

for all determinations . In place of a Beckmann differential ther-

mometer, a low temperature, toluene- filled thermometer was employed . 

The thermometer was calibrated by determining the apparent 

freezing points of pure substances. No stem correction was necessary 

as the thermometer was used in the same position at all t imes in both 

calibration and determinations . 

The chloroform and carbon tetrachloride samples used were 

redistilled from chemically pure laboratory stock . Only the mi ddle 

third fraction was used . The water was redistilled from l aboratory 

supply distilled water . It was collected through a block tin con-

denser and only the middle thir d fraction was used . The mercury was 

from redistilled laboratory stocK. 

TABLE rv . CALIBRATION OF FREEZING POINT THERMOMETER 

Thermometer Freezing Point 
Substance Reading I.C .T. (16) Correction 

Water /. 1.4°c o.o0c -1.4°C 

cc14 -21 ~1 -22 . 9 -1. 8 

Mercury -37 .0 -38.87 -1.9 

CHC1
3 

- 61 . 2 - 63 .5 -2 .3 
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Photograph 1. Freezing Pomt Apparatus 
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Supercooling is usually present in any freezing point deter-

mination. To overcome this, the solution being frozen was stirred 

almost continually and somewhat vigorously near the freezing point . 

As soon as a few crystals appeared, the solution was removed from 

the freezing bath and stirred slowly until the temperature rose to 

a value that was constant for several seconds (19). It was found 

to be a matter of only a few seconds until the temperature lowering 

due to supercooling disappeared. Due to this technique, little 

error was introduced by the supercooling effect. 

With a few exceptions none of the solutions containing less 

than 40 per cent water exhibited freezing points. Instead, these 

solutions simply became very viscous at low temperatures--with no 

crystallization even when cooled to L.o or 50 degrees below the 

extrapolated freezing points. 

A mixture of approximately equal parts of methanol and 

crushed solid carbon dioxide served as the freezing mixture in 

all cases. The average temperature attained was -78°c. 
Due to water vapor in the air, frost appeared on the walls 

of the air chamber. Since this condition reduced the visibility, 

it had to be completely eliminated. At times it was found difficult 

even under the most favorable visibility conditions to detect crystal 

formation. A small amount of dehydrated calcium chloride in the 

bottom of the air chamber reduced frost formation only slightly. 

Blowing dry air into the chamber before assembly was likewise 
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ineffective. It was found that a few milliliters of methanol in the 

bottom of the air cha.~ber was entirely satisfactory. 

For those solutions freezing below - 45°C., it was necessary 

to fill the air char2ber with methanol because air was not a good 

enough conductor to br ing the temperature of the sample to within 

30 degrees of that of the freezing mixture . 

A minimum of three readings were taken on each solution . In 

most cases at least four were recorded . The values shmm in the 

following tables are the arithmetic means of the determinations . 

The average devIB tions (J ) of the readings farthest from the means 

ranged from 0 . 15° near -2°c . to O.L.7° near -46°c. A few erratic 

readings were completely discarded (h) . 

TAELE V. Brn 1?.Y FREEZING POINTS: ETHYIENE GLYOJL-- VATER 

Composition Freez ing Point (0 c) 

Ethylene Glycol Conrad, Hill , Bureau of 
(Weight%) Present Work and Ballman (2) Standards (20) 

0 - 0 . 4 o . o 
10 -3. 6 -3. 6 - 2.9 
20 - 8. 8 - 8. 3 - 9-7 
30 - 16 . 0 -14 . L~ - 17 . 6 
40 - 25 . 2 - 22 .6 - 26 .o 

So -38. 6 - 34 . 6 - 37 . 0 
60 - 53 . 8 - 49 . 3 
90 -31 . 8 

100 -13 . 1 -13 . 5 
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TABLE VI. BINARY FREEZING POINTS: DIETHYLENE GLYCOL--WATER 

Composition 

Diethylene Glycol 
(Weight %) 

0 
10 
20 
30 

40 
50 
60 

100 

Freezing Point ( 0 c) 

Present \fork Liter ature (14) 

-o.L~ o.o 
-2.0 
-5.1 

-10.0 

-17.3 
-27. 8 
-42.7 

- 10 . h.5 

TABLE VII. BINARY FREEZING POINTS: ETHYLENE GLYCOL--DIETHYI.El•.iE: GLYCOL 

Composition 

Ethylene Gl;ycol 
(Weight %) 

0 
10 
20 
30 
40 
so 
60 
70 
80 
90 

100 

* Reference (~). 

Freezing Point ( 0 c) 

Present Work Literature (14) 

-10.45 

-24.7 

-29.0 
-21.8 
- 11:l .8 
-13.1 
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TABLE VIII. TERNARY FREEZL1G POTifTS : SERIES I 

System: 100% Diethylene Glycol--Water 

Solution No. t . % Glycols Wt . % Water Freez ing Point (oc ) 

1 100 0 
2 90 10 
5 50 40 - 42 . 7 
6 5o .50 -27. 8 

7 40 60 - 17 . 3 
8 30 70 - 10 .0 
9 20 Bo - 5 .1 

10 10 90 - 2.0 

TABLE DC . TERNARY FRF..EZHJG POINTS: SERIES II 

System: 10% Ethyle:qe Glycol--90% Diethyl ene Gl ycol-- .ifater 

Solution No. Wt . % Glycols Wt . % Water Freezing Poi..n.t (oC) 

ll 100 0 
12 90 10 
15 60 40 - 4J.6 
16 50 50 - 28. 9 

17 40 60 -18. 3 
18 30 70 -10. 8 
19 20 80 -5. 8 
20 10 90 -2.4 
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TABIB X. TERNARY FREEZING POI NTS: SERIES III 

System: 20% Ethylene Gl ycol-80% Di ethyl ene Gl ycol-Water 

Solution No. w·t. % Glycols Wt. % Water Freezing Point (OC) 

21 100 0 -24.7 
22 90 10 
25 6o 40 -44.l+ 
26 so so -30.l 

27 40 60 -19.1 
28 30 70 -ll.6 
29 20 80 - 6.3 
30 10 90 - 2.8 

TABLE XI. TERNARY FREEZING POINTS : SERIES J.V 

System: 30% Ethylene Glycol-70% Diethylene Glycol-Water 

Solution No. Wt. % Glycols Wt. % Water Freezing Point (OC) 

31 100 0 
32 90 10 
35 60 40 -4.5 .1 
36 so So -30 . 8 

37 40 60 -20 .2 
38 30 70 -12.2 
39 20 80 -c.S 
40 10 90 -2.6 
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TABLE XII. TERNARY FREEZING POINTS: SERI ES V 

System: 40% Ethylene Glycol--60% Diethylene Glycol-..:\1ater 

Solution No. Wt. % Glycols Wt. % Water Freezing Point (oC) 

4l 100 0 
42 90 10 
45 60 40 -45-7 
46 50 50 -31.6 

47 40 60 -21.1 
48 30 70 -12.5 
49 20 80 - 6.8 
50 10 90 - 2.9 

TABLE XIII. TERNARY FREEZING POINTS: SERIES VI 

System: 50% Ethylene Glycol-50% Diethylene Glycol--Wat er 

Solution No. vrt. % Glycols Wt. % Water Freezing Poi nt (oC) 

51 100 0 
52 90 10 
55 60 40 - 46 .0 
56 50 50 -32. 9 

57 40 60 -21.9 
58 30 70 -13.4 
59 20 80 -7.0 
60 10 90 -3.1 
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TABLE XIV . TER.NARY FIIBEZHG POINTS : SBRIES VII 

System: 60% Ethylene Glycol--40;b Diethylene Gl ycol--Water 

Solution No. -in . % Gl ycols Wt . % Water Freezing Po:u1t (oC) 

61 100 0 
62 90 10 
65 60 40 - 46 . 2 
66 50 50 - 33 -4 

67 40 60 - 22 . 6 
68 30 70 - 13 . 9 
69 20 So -1 .3 
70 10 90 -3.0 

TABLE r/ . TE3.iJAR.Y FREl~ZLJG POL:fTS : SERIBS VIII 

System: 70;6 Ethylene Gl ycol-- 30~~ Diethyl ene Gl ycol - - ifater 

Solution No. Wt . % Glycols ift . % vvat er Freezing Point (oC) 

71 100 0 - 29 
72 90 10 
75 60 40 - 49 . 2 
76 50 50 - 34 -4 

77 40 60 - 23 . 8 
78 30 70 -JJ~.s 
79 20 80 - 7-7 
80 10 90 - 3-4 



27 

TABLE XVI. TE~1NA.RY FREEZnTG POIHTS : SERIB.:S IX 

System: 80% Ethylene Glycol--20% Diet hylene Glycol--Water 

Solution No . Wt . % Gl;y:cols Wt . % Water Freezin~ Point (oC) 

81 100 0 -21. 8 
82 90 10 
85 60 40 -49.9 
86 50 50 -35.4 

87 40 60 -2L .• 5 
88 30 70 -1, .0 
89 20 80 - 8.3 
90 10 90 -3.3 

T BIB XVII . TERNI-\RY FREEZ rnG POINTS : SERIBS X 

System: 90% Ethylene Gl ycol--10~6 Diethylene Gl ycol-- fater 

Solution No . IVt . % Glycols Wt . ;'& Vfater Freezing Point (OC) 

91 100 0 -18. 8 
92 90 10 
95 60 40 - 52 .2 
96 ,o 50 -37.0 

97 40 60 - 25 . 6 
98 30 70 -15 .2 
99 20 80 -8.J 

100 10 90 -3.4 
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TABLE XVIII. TERNARY FREEZING POINTS : SERIBS XI 

System: 100% Ethylene Gl ycol - --1.fater 

Solution No . Wt . % Glz:cols Wt . % Water Freezing Point (oC) 

101 100 0 -13.1 
102 90 10 -31 . 8 
105 60 40 -53 -5 
106 50 50 -38.J 
107 40 60 -25.2 

108 30 70 -16.0 
109 20 80 - 8. 8 
110 10 90 -J.6 
ill 0 100 -0.J 
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Boiling Points 

A Washburn- Cottrell molecular weight boiling point apparatus 

procured from the E. H. Sargent Company, formed the ebulliometer 

part of the assembly used in this work . It was made of Pyrex and 

had ground glass joints for the pump assembly and the condenser . 

The capillary tube for withdrawing liquid samples was closed at 

the outside end with a short rubber tube and a screw pinch- clamp . 

To maintain standard pressure within the system, a mercury 

t rap was connected with glass tubing to the open end of the con-

denser . This trap was constructed from an E. H. Sargent and Com-

pany mercury check valve made for a carbon- hydrogen combustion 

train . The outlet tube was bent to a 45° angle to permit easier 

filling with mercury, and the body of the tube was graduated in 

mil lime ters beginning with tbs point even with the bottom of the 

inlet tube . 

Before each determination a reading was taken on a mercurial 

barometer to ascertain the correct atmospheric pressure . The dif-

ference between standard and atmospheric pres sure w-as corrected for 

in the boil ing system by adding the correct amount of mercury to 

the check trap . The amount of mercury to be added was calculated 

as fo l lows : 

( 2) 

where Hg i s the height of mercury to be placed in the check trap , 

76 . 00 i s standard pressure , Bis the uncorre cted barometer reading, 
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c1 the correction for the barometer reading , and c2 the temperature 

correction for the mercury in the trap . All values are heights of 

mercury in centimeters . 

Before the burner under the boiler was lighted, the system 

was entirely closed. Heating caused expansion of the entrapped air , 

which increased the pressure of the system. When the pressure 

exceeded seventy-six centimeters, the excess bubbled out through 

the mercury in the trap. 

The boiling point was detected by the constant te,aperature 

registered on the thermometer . A small temperature fluctuation was 

observed at the boiling point . This ranged from about 0.4 degree 

near the boiling point of water to approximately 2 degrees at the 

boil:L~g poi nts of those solutions containing 10 per cent water . 

The mean of this fluctuation was taken as the boiling point . Only 

one determinati on of each solution was deemed necessary. 

The thermometer was a mercury filled, yellow back, partial 

immersion type with a range of -10° to f250°c . It was calibrated 

against an Eimer and A.mend EA39 mercury filled, standard thermom-

eter . The standard thermometer was calibrated by t he National 

Bureau of Sta..>idards on December 22, 1948, and carried the number 

NBS93594 . Both thermometers Trere graduated only in degrees . 

Readi ngs were estimated t o 0 . 1 degree . The calibration of the 

experimental thermometer was carried out in the complete Cottrell 

ebulliometer with a bath of diethylene glycol . The experimental 

t her mometer was placed in the exact position it was to occupy 
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during the boiling point determinations , and the standard thermometer 

was placed so that the bulbs of the two were together. Since the 

standard was of the total immersion type, a third thermometer was 

attached to the standard by means of rubber bands for the purpose 

of calculating stem correction. The bulb of the stem-correction 

thermometer was shifted with changing temperatures to ~-ceep it in 

the middle of the emergent stern of the standard thermometer (2.5) . 

The stem correction was calculated for the standard ther-

mometer by the equation (28): 

S.C. = Kn(T0 
- t 0

), (3) 

where K is the differential expansion coefficient of .iercury in 

glass (K = 0.00016), n is the nw.nber of degrees emergent from the 

bath, T0 the terrverature of the bath, and t 0 the mean te1,1perature 

of the emergent stem. 



TABLE XIX . CALIBRA'i'ION OF BOILHTG POINT THERMOMETER 

Temperatures ( 0 c) 

Reacting of Emergent Reacting Correction 
Standard Stem Stem NBS True of Exp . to Exp • 

0 Temp • .? 
.,_o Corr . Corr . Temp . Thermo . Thermo. Thermo • .! T L, 

o.o -0.2 -0.2 -0.2 0.0 
25.0 -0.1 f2 L, .• 9 f 25.0 -0.1 
79 .7 f o.1 79.8 80.0 -0.2 
89 . 7 f0.013 89 .8 90 .0 -0.2 

139.4 45 .o 0.04 -0.05 139.4 J.40 .0 -o. 6 
168.5 51.2 o.59 -.24 168 . 9 170.0 -1.1 
183.0 54-5 0.9.5 -0.34 183.6 185.o -1.4 
197.0 57 . 8 1.34 -0.39 198 .0 200 .0 - 2. 0 

216 .0 63 .0 1.93 -0 .40 217 .5 220 .0 -2 .5 
220 .5 63.0 2.10 -o .40 222. 2 225 .o - 2. 8 
230 .0 67 . 7 2.42 - O. l+O 232 .0 235.0 -3.0 
231. 8 71.0 2.44 -0.40 233 . 8 238.0 -L..2 
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Photograph 2 . Boiling Point Apparatus 
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TABIE XX . BJ.NARY BOILLm POTITTS: ETHYLEtJE GLYCOL--WATER 

Composition 

Ethylene Glycol 
(Weight%) 

0 
10 
20 
JO 
40 
50 

60 
70 
Bo 
90 

100 

Boiling Point (0 c) 

Present ffork 

100.5 
101.1.t. 
102.0 
lOJ.h 
105.0 
107.6 

110 . 5 
115.3 
121.7 
135. 7 
195. Lr 

Literature (ll) 

100.0 

197.L 

TABLE XXI. BIHA ... W BOILI ,G O_._iJTS : DL'rHYLEJE GLYCOL-- l'l TER 

Composition 

Diethylene Glycol 
(:Veight %) 

0 
10 
20 
JO 
40 
50 

60 
70 
Bo 
90 

100 

Boiling Point (°C) 

Present Work 

100.5 
100.7 
101.7 
102.5 
103 . 5 
104.3 
106 .7 
110.5 
115.6 
128.5 
239.2 

Literature (11) 

100. 0 

244.J 
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TABLE XXII . BUJA.RY BOILING POINTS: ETB-YLENE GLYCOL- - DIBTHYLEHE GLYCOL 

Compos i tion Boiling Point (°C) 

Ethylene Gl ycol 
(",Veight % ) Present Work Liter ature (11) 

0 239.2 241, .• J 
10 229. 2 
20 216.5 
JO 213. 8 
40 211. 9 
50 207.8 

60 203 .4 
70 197 .4 
75 198 . 8 
80 198 . l 
85 194.6 
90 191.6 

100 195.4 197 .4 
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TABLE XJCIII . TERNARY BOILING POINTS : SERIES I 

System: 100% Diethylene GJ.ycol--Water 

Solution No . Wt . % Glycols Wt . % Water Boiling Point (oC) 

1 100 0 239.2 
2 90 10 128 • .5 
3 80 20 ll.5.6 
4 70 30 110 • .5 
5 60 40 106.7 

6 50 5o 104.3 
7 40 60 103 • .5 
8 30 70 102 • .5 
9 20 80 101. 7 

10 10 90 100.7 

TABLE XXIV . TERNARY BOILING POINTS: SERIES II 

System: 10% Ethylene Glycol--90% Diethylene Glycol--Water 

Solution No . rt . % Glycols Wt . % Water Boiling Point (oC) 

11 100 0 229.2 
12 90 10 128.5 
13 so 20 ll7.0 
14 70 30 lll.O 
15 60 40 106. 7 

16 ,o 50 104. 7 
17 40 60 103 . ;: 
18 30 70 102 . 4 
19 20 Bo 101.6 
20 10 90 100. 8 
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TABLE XXV . TERNARY BOILING POINTS : SERIES III 

System: 20% Ethylene G1ycol--80;b Diethylene Gl ycol--Water 

Solution No . vvt . % Glycols Wt. % Water Boiling Point (oc) 

21 100 0 216 . 5 
22 90 10 128 . 5 
23 80 20 116 . 6 
24 70 30 lll. 8 
25 60 40 107 . 9 

26 50 50 104.7 
27 40 60 103 . 5 
28 30 70 102.6 
29 20 80 101.7 
30 10 90 lOO.O 

TABLE XXVI. TERNARY BOILING POD TS : SEIUES Dl 

Systera: 30~t Ethylene Glycol- -70~g Diethylene Glycol - Water 

Solution No. Wt . % Glycols Wt . % Water Boiling Point (oC) 

31 100 0 213 . 8 
32 90 10 131.4 
33 80 20 118. 8 
34 70 30 111 . 7 
35 60 40 108. 1 

36 50 50 105 . 7 
37 40 60 10.3 . 9 
38 30 70 102 . 7 
39 20 80 101. 9 
40 10 90 100 . 7 
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TABLE XXVII . TERNARY BOILING POINTS: SERIES V 

System: 40% Ethylene Glycol-60% Diethylene Glycol-~Water 

Solution No . Wt. % Gl;y:cols Wt . % Water Boiling Point (oc) 

41 100 0 211. 9 
42 90 10 131. 0 
43 80 20 118. 2 
44 70 30 112 . 6 
45 6o 40 108 . 7 

46 50 50 104 . 7 
47 40 60 103 . 9 
48 30 70 102 . 9 
49 20 80 102 .0 
50 10 90 101.2 

TABIB XXVIII . TIBNARY BOILIHG POINTS: SERIES VI 

System: 50% Ethylene Gl ycol --50% Diethylene Glycol--Water 

Solution No . Wt . ;t Glrcols Wt . % Water Boiling Point (oC) 

51 100 0 207 . 8 
52 90 10 133.0 
53 80 20 119. 6 
54 70 30 113 . 0 
55 60 40 108. 7 

56 50 50 105. 8 
57 40 60 104.4 
58 30 70 103 . 0 
59 20 80 102 .1 
60 10 90 101. 0 
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TABLE XXJJC. TERNA.RY BOILnJG POINTS: SERIES VII 

System: 60% Ethylene Glycol-40% Diethylene Gl ycol--Water 

Solution No . '\ilft. % Gl ;zcols Wt. % Water Boiling Point (OC) 

61 100 0 203.4 
62 90 10 132.7 
63 80 20 119. 6 
64 70 30 113.6 
65 60 40 108 .7 

66 50 50 106 . 6 
67 40 60 104.l 
68 30 70 103 . 0 
69 20 80 102 . 2 
70 10 90 101.1 

TABLE XXX. TERNA.RY BOILilJG POilJTS: SERIES VIII 

System: 70% Ethylene Glycol--30% Diethylene Gl ycol--Water 

Solution No. Wt . % Glycols Wt . % Water Boiling Point (oC) 

71 100 0 198 .3 
72 90 10 132. 8 
73 80 20 119 . 7 
74 70 30 m.o 
75 60 40 109 .1 

76 5o 50 106. 8 
77 40 60 104.7 
78 30 70 103.2 
79 20 80 102.2 
80 10 90 101.2 



TABLE XXXI. TERNA..R.Y BOILING POINTS : S:EIUES DC 

System: 80% Ethylene Glycol-- 20;i Diet hyl ene Glycol- -Water 

Solution No . Wt . % Glycols Wt . % Water Boiling Point (oC) 

81 100 0 198 .1 
82 90 10 136.4 
83 80 20 121. 6 
84 70 30 114. 6 
85 60 40 109 . 7 

86 So So 106 . 9 
87 40 60 104.9 
88 JO 70 103.3 
89 20 80 102.1 
90 10 90 101~0 

TABLE XXXII . TERNARY BOILilJG POTiifTS: SERIES X 

System: 90% Ethylene Glycol-- 10% Diethylene Glycol--Water 

Solution No . Wt. % Glicols Wt . % Water Boiling Point (oC) 

91 100 0 191.6 
92 90 10 133 .3-
93 80 20 121.6 
94 70 30 115.1 
95 60 40 llO . O 

96 so So 107 . 2 
97 40 60 104. 7 
98 30 70 103 . 5 
99 20 80 102.1 

100 10 90 101. 2 
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TABLE XXXIII. TERNARY BOILING PO ThJTS : SERIES XI 

System: 100% Ethylene Glycol--Water 

Solution No . Wt. % Glycols Wt. % Water Boiling Point (oC) 

101 100 0 195.4 
102 90 10 135.7 
103 80 20 121.7 
104 70 30 115.3 
105 60 40 110.5 

106 So 5o 107.6 
107 40 60 105.0 
108 30 70 103.4 
109 20 80 102.0 
110 10 90 101.4 
ill 0 100 100.s 
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Relative Densities 

A Mohr-Westphal balance bearing the name 11 Celsius--KBrper n. 

Reimann11 was used to determine the relative densities . This instru-

ment was designed for a bob that displaced exactly five grams of 

water at 15°C. Since it was desired to make determinations at 25°c., 

it became necessary to adjust the masses of the horseshoe weights to 

be used on the balance. The calculations follow: 

V - 5 . 00000g (l.00087ml/g) - 5.00435ml (4) 

where 5 .00000g is the mass of water displaced by the bob at 15°c., 

1000~7ml/g is the volume of water per gram at 15°c., and Vis the 

volll!Ile of the bob. 

m = 5.00435ml (0.99707g/ml) = 4.9cl969g 

where 0.99707g/ml is the relative density of water at 25°c., 

4.989b9g is the mass of water displaced by the bob at 25°c. 

Since 4.9897g is the mass of water displaced by the bob at 25°c., 

the beam will be balanced when a weight having a mass of 4.9~97g 

is hung on the hook (the hook being the unit position) . The unit 

horseshoe weight was adjusted to this value by successive filing 

and weighing on an accurate analytical balance. The fractional 

weights were adjusted to the proper values in the same manner. 

The vessel containing the sample was clamped in a ::>argent 

constant temperature water bath. The bath was set at 25°c. and 

it maintained this temperature vrithin the limits of -/:_ 0 .01 °. The 

stoppered Erlenmeyer flasks containing the solutions wer e kept in 

(5) 



the bath for at least one hour before they were poured into the 

weighing vessel . 

A minimum of three readings was taken on each solution. 

The mean was used as the correct value . On the average the read-

ings farthest from the mean deviated from the mean by about two 

points in the fourth decimal place . 

50 
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TABLE XXXIV. BINARY DENSITIES: ETHYLENE GLYC0L--WATER 

Composition Relative Densities (d25) 
4 

Ethylene Glycol Spangler & 
(Weight %) Present Work Davies (20) 

0 1.0001 0.9970 
10 0.0138 0.0097 
20 1.0267 1.0231 
30 1.0407 1.0367 
40 1.0543 1.0495 
50 1.0661 1.0619 

60 1.0778 1.0733 
70 1.0889 1.0848 
80 1.0989 1.0946 
90 1.1067 1.1032 

100 1.1137 1.1101 

TABLE XXXV. BINARY DENSITIES: DIETHYIE1'i"E GLYC0L--WATER 

Composition Relative Densities (dt5) 

Diethylene Glycol 
(Weight %) 

0 
10 
20 
30 
40 
50 
60 
70 
80 
90 

100 

Present Work 

1.0001 
l.Olhl 
1.0291 
1.0437 
1.0592 
1.0729 

1.0859 
1.0970 
1.1056 
1.1128 
1.1159 

*No values given in the literature. 

Literature • I-
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TABLE XXXVI. BINARY DENSITIES: ETHYLENE GLYCOL--DIETHYLENE GLYCOL 

Composition 

Ethylene Glvcol 
(Weight%) 

0 
10 
20 
30 
40 
50 

60 
70 
Bo 
90 

100 

Relative Densities (dt5) 

Present Work 

1.1159 
1.1159 
1.1158 
1.1156 
1.1157 
1.1150 

1.115.S 
1.1143 
1.1142 
1.1138 
1.1137 

Literature* 

*No values given in the literature. 
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TABLE XXXVII. TERNARY DENSITIES: SERIES I 

System: 100% Diethylene Glycol--Water 

Solution No . Wt. % Glycols 1f(t . % Water Relative Density (d~.5) 

1 100 0 1.11.59 
2 90 10 1.1128 
3 80 20 1.10.56 
4 70 30 1.0970 
.5 60 40 1.0859 

6 .50 .50 1.0729 
7 40 6o l.0.592 
8 30 70 1.0437 
9 20 80 1.0291 

10 10 90 1.0141 

TABLE XXXVIII. TERNARY DENSITIES: SERIES II 

System: 10% Ethylene Glycol--90% Diethylene Glycol-Water 

Solution No. Wt . % Glycols Wt ~ % Water Relative Density (d&.5) 

ll 100 0 1.11.59 
12 90 10 1.1115 
13 80 20 1.10.52 
14 70 30 1.096.5 
1.5 60 40 1.0854 

16 .50 .50 1.0720 
17 40 60 l.0.583 
18 30 70 1.0436 
19 20 80 1.0286 
20 10 90 1.0149 
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TABLE XXXIX. TERNARY DENSITIES: SERIES III 

System: 20% Ethylene Glycol--tl0% Diethylene Glycol--Water 

Solution No. Wt. % Glycols Wt . % Water Relative Density (d,5) 

21 100 0 1.1158 
22 90 10 1.1113 
23 80 20 1.1046 
24 70 30 1.0960 
25 60 40 1.0843 

26 50 50 1.0714 
27 40 60 1.0590 
28 30 70 l 0434 
29 20 80 1.0291 
30 10 90 LOH•l 

TABLE XL. TERNARY DENSITIES: SERIES Tv 

System: 30% Ethylene Glycol--70% Diethylene Glycol-Water 

Solution No. Wt. % Glycols Wt. % Water Relative Density (ctf') 

31 100 0 1.1156 
32 90 10 1.1112 
33 80 20 1.1033 
34 10 30 1.0947 
35 60 40 1.0832 

36 50 50 1.0703 
37 40 60 1.0581 
38 30 70 1.0428 
39 20 80 1.0284 
40 10 90 1 .0141 
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TABLE XLI. TERNARY DENSITIES: SERIES V 

System: 40% Ethylene Glycol-6o% Diethylene Glycol-Water 

Solution No. Wt . % Glrcols Wt . % Water Relative Density (d&') 

41 100 0 1.1157 
42 90 10 1.1098 
43 80 20 1.1023 
44 70 30 1.0932 
45 60 40 1.0823 

46 50 50 1.0699 
47 40 60 1.0571 
48 30 70 1.0431 
49 20 80 1.0287 
50 10 90 L0157 

TABLE XLII. TERNARY DENSITIES: SERIES VI 

System: 50% Ethylene Glycol--50% Diethylene Glycol-Water 

Solution No . Wt.% Glycols Wt . % Water Relative Density (ctf5) 

51 100 0 1.1150 
52 90 10 1.1094 
53 80 20 1.1020 
54 70 30 1.0922 
55 60 40 1.0815 

56 50 50 1.0694 
57 40 60 1.0566 
58 30 70 1.0428 
59 20 80 1.0281 
60 10 90 1.0143 
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TABIB XLIII. TERNA.RY DENSITIES: SERIES VII 

System: 60% Ethylene Glycol-40% Diethylene Glycol--Water 

Solution No. Wt.% Glycols Wt. % Water Relative Density (d&5) 

61 100 0 1.1155 
62 90 10 1.1089 
63 80 20 1.1013 
64 70 30 1.0919 
65 60 40 1.0814 

66 50 50 1.0686 
67 40 60 1.0572 
65 30 70 1.0422 
69 20 80 1.0281 
70 10 90 1.01.50 

TABLE XLIV. TERNARY DENSIT JES: SERIES VIII 

System: 70% Ethylene Glycol-30% Diethylene Glycol--Water 

Solution No. Wt. % Glycols Wt. % Water Relative Density (df.5) 

71 100 0 1.1143 
72 90 10 1.1082 
73 80 20 1.1009 
74 70 30 1.0913 
75 60 40 1.0799 

76 so 50 1.0680 
77 40 60 1.05.52 
78 30 70 1.0422 
79 20 80 1.0276 
80 10 90 1.0142 
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TABLE XLV. TERNARY DENSITIES: SERIES IX 

System: 80% Ethylene Glycol--20% Diethylene Glycol-Water 

Solution No . Wt. % Glycols Wt.% Water Relative Density (dr) 

81 100 0 1.1142 
82 90 10 1.1072 
83 80 20 1.0995 
84 70 30 1.0909 
85 60 40 1.0799 

86 50 50 1.0677 
87 40 60 1.0560 
88 30 70 1.01+22 
89 20 Bo 1.0286 
90 10 90 1.0139 

TABLE XLVI. TERNARY DENSITIES: SERIES X 

System: 90% Ethylene Glycol-10% Diethylene Glycol-Water 

Solution No. Wt . % Glzcols Wt . % Water Relative Densitz (df5) 

91 100 0 1.1138 
92 90 10 1.1065 
93 Bo 20 1.0990 
94 70 30 1.0897 
95 60 40 1.0789 

96 50 50 1.0663 
97 40 60 1.0550 
98 30 70 1.0411 
99 20 80 1.0275 

100 10 90 1.0137 
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TABLE XLVII. TERNARY DENSITIES: SERIES XI 

System: 100% Ethylene Glycol-Water 

Solution No. Wt. % Glycols Wt.% Water Relative Densi ty (d&S) 

101 100 0 1.1137 
102 90 10 1.1067 
103 80 20 1.0989 
104 70 30 1.0889 
lOS 60 40 1.0778 

106 so so 1.0661 
107 40 60 l.OS43 
108 30 10 1.0407 
109 20 80 1 .0267 
110 10 90 1 .0138 
111 0 100 1.0001 
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Refractive Indices 

For the determination of refractive indices, an excellent 

Zeiss Abbe refractometer was employed. This instrJ.ment was used 

with white light (daylight) because it was manufactured to give 

values for the yellow 11D11 line of sodium when used with vihite light. 

It was connected with rubber tubing to warm and cold water taps for 

the purpose of regulating the temperature. The method of connection 

is shown schematically below. The cold and warm water taps were 

BLEEDE.~ VALVE 

COLD WATER 

i TO REFRACTOMETER 

Figure 16. Schematic Diagram of Refractometer Temperature Control 

turned on so the temperature was slightly above 2.5°c. Then the fine 

adjusting was done by opening the bleeder valve. Occasional adjust-

ment was necessary due to line fluctuations. By this method it was 



possible to keep the temperature a t 25°c. with a variation not 

exceeding£ 0.2°. 

65 

The refractometer was adjusted by means of the crystalline 

test piece and<X-bromonaphthalene provided with the instrument . Ten 

readings were taken with the test piece to insure good adjustment. 

Clean, dry capillary tubes were used to place two drops of 

solution on the prisms . To remove the solution, the prisms were 

swabbed thoroughly several times vuth ethanol on absorbent cotton. 

The prisms were allowed to dry before the addition of the next 

solution. 

Four readings were taken on all solutions. Tht: tdbulated 

values are the arithmetic means of the readings. The average 

deviation of the extreemes from the means of the readings was 

approximately 0 .00012 . 
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TABLE XLVIII. BINARY REFRACTIVE INDICES: ETHYLENE GLYCOL--WATER 

Composition Refractive Indices (!1fi5) 

Ethylene Glycol 
(Weight%) Present Work Davies (20)* 

0 
10 
20 
30 
40 
50 

60 
70 
80 
90 

100 

~"'Determined at 20°c. 

1.3345 
1.3440 
1.3539 
1.3639 
1.3741 
1.3844 

1.3943 
1.4042 
1.4140 
1.4230 
1.u321 

1.3416 
1.3517 
1.3621 
1.3723 
l.3d28 

1.3927 
1.4025 
l.).w.18 
1.4210 
1.4300 

TABLE XLIX. BINARY REFRACTIVE H!DICES : DIETHYLENE GLYCOL-WATER 

Composition 

Diethylene Glycol 
(Weight%) 

0 
10 
20 
30 
40 
50 
60 
70 
80 
90 

100 

Refractive Indices (n~5) 

Present Work 

1.3345 
1.3458 
1.3576 
1.3693 
1 . 3812 
1.3937 

1.4054 
1.4169 
1.4275 
1.4385 
1.4467 

Literature# 

#No values given in the literature . 
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TABLE L. BINARY REFRACTIVE INDICES : ETHYLENE GLYCOL-DIETHYLENE GLYCOL 

Composition 

Ethylene Glycol 
(Weight %) 

0 
10 
20 
30 
40 
50 
60 
70 
80 
90 

100 

Refractive Indices (n~') 

Present Work 

1.4467 
1.LJ.r33 
1.li435 
1. 4426 
1 . L~l0 
1. 4396 

1.4382 
1.4363 
1.1+352 
1.4333 
1.4300 

Literature* 

~o values given in the literature. 
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TABIE LI. TERNARY REFRACTIVE I ffiICES: SERIES I 

System: 100% Diethylene Glycol-Water 

Solution No. Wt . % Glycols 1Nt. % Water Refractive Index (~5) 

1 100 0 1.Ld.1.67 
2 90 10 1.4385 
3 80 20 1.4275 
4 70 30 1.10.69 
5 60 40 1.Lro54 

6 50 so 1.3937 
7 40 60 1.3812 
8 30 70 1.3693 
9 20 80 1 . 3.576 

10 10 90 1.%58 

TABLE LII . TERNARY REFRACTIVE I NDICES : SERIES II 

System : 10% Ethylene Glycol--90% Diethylene Glycol-Water 

Solution No. Wt. % Glycols Wt . % Water Refractive Index c~5) 

11 100 0 1.4433 
12 90 10 1.lr363 
13 80 20 1.l+259 
14 70 30 1.4156 
15 6o 40 1.4041 

16 50 50 1.3926 
17 40 60 1.3806 
18 30 70 1.3684 
19 20 80 1.3569 
20 10 90 1.34.55 
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TABLE LIII. TERNARY REFRACT IVE IND ICES : SERIES III 

System: 20% Ethylene Glycol--80% Diethylene Glycol--Water 

Solution No. Wt . % Glycols Wt . % Water Refractive Index (n~5) 

21 100 0 1.4435 
22 90 10 1.4345 
23 80 20 1.4249 
24 70 30 1.4144 
25 60 40 1.4031 

26 50 50 1.3913 
27 40 60 1.3796 
28 30 70 1.3679 
29 20 80 1.3562 
30 10 90 l.3h52 

TABLE LIV . TERNARY REFRACTIVE INDICES: SERIES IV 

System: 30% Ethylene Glycol--70% Diethylene Glycol-Water 

Solution No. Wt . % Glycols Wt . % Water Refractive Index (~5) 

31 100 0 1.4426 
32 90 10 l.h335 
33 80 20 1.t~236 
34 70 30 l.4].80 
35 60 40 1.t~o18 

36 50 50 1.3905 
37 40 60 1.3789 
38 30 70 1.3675 
39 20 80 1.3560 
40 10 90 1.34.50 
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TABIB LV. TERNARY REFRACTIVE IUD ICES: SERIES V 

System: 40% Ethylene Glycol-60% Diethylene Glycol--Water 

Solution No. Wt . % Glycols Wt . % Water Refractive Index (~5) 

41 100 0 l . h410 
42 90 10 1 .4313 
43 80 20 1.4217 
44 70 30 1 . 4117 
45 60 40 1.4010 

46 50 50 1.3892 
47 40 60 1.3785 
48 30 70 1 .3669 
49 20 80 1.3559 
50 10 90 L1450 

TABLE LVI. TERNA.RY REFRACTIVE INDICES : SERIES VI 

System : 50% Ethylene Glycol--50% Diethylene Glycol--Water 

Solution No. Wt . % Glycols Wt . % Water Refractive Index(~') 

51 100 0 1.4396 
52 90 10 1.L.304 
53 80 20 le4209 
54 70 30 1.L,lOl 
55 60 40 1.3999 

56 50 50 1.3888 
57 40 60 1.3774 
58 30 70 1 .3666 
59 20 80 1 .3553 
60 10 90 1 . 3449 
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TABLE LVII. TERNARY REFRACTIVE INDICES: SERIES VII 

System: 60% Ethylene Glycol-40% Diethylene Glycol-Water 

Solution No. Wt. % Glycols Wt. % Water Refractive Index (:$5) 
61 100 0 1.4382 
62 90 10 1.4292 
63 80 20 1.4196 
64 10 30 1. 4094 
65 60 40 1.3989 

66 50 50 1.3879 
67 40 60 1.3778 
68 30 70 1.3668 
69 20 80 1.3556 
70 10 90 l.3h51 

TABLE LVIII. TERNARY REFRACTIVE TIIDICES : SERIES VIII 

System: 70% Ethylene Glycol--30% Diethylene Glycol--Water 

Solution No. Wt. % Glycols Wt. % Water Refractive Index (n~5) 

71 100 0 1.4363 
72 90 10 l.h274 
73 80 20 1.4181 
74 70 30 l.40tl0 
75 60 40 1.3972 

76 50 50 1.3874 
77 40 60 1.3769 
78 30 70 1.3660 
79 20 80 1.3550 
80 10 90 1.3445 
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TABLE LIX. TERNARY REFT.?.ACTIVE L!DICES: SERIES IX 

System: 80% Ethylene Glycol--20% Diethylene G1ycol--Water 

Solution No . Wt. % 3-lzcols Wt. % fater Refractive Index (n~5) 

81 100 0 1./-1-352 
82 90 10 1.4259 
BJ Bo 20 1.4163 
84 70 30 1.4070 
85 60 40 1.3967 

86 50 5o 1.3860 
87 40 60 1.3760 
88 30 70 1.3660 
89 20 Bo 1.3547 
90 10 90 1.34M 

T BLE LX. TERN.IL'RY REFRACTIVE I:iIDICES : SI!.;l-UES X 

System: 90~; Ethylene Glycol--10% Diethylene Glycol-- ,fater 

Solution No. Wt. % Glycols Wt . % Water Refractive Index (n~ 

91 100 0 1.4333 
92 90 10 1.)-1-248 
93 80 20 1.4153 
94 70 30 1.4057 
95 60 40 1.3953 

96 50 50 1.3850 
97 40 60 1.3750 
98 30 70 1.3646 
99 20 80 1.3542 

100 10 90 1.3443 
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TABIE LXI. TEi"tii.o.RY P.EFRACTI\7E TIIDIGES : SERIES XI 

System: 100% Ethylene Glycol--Water 

Solution No . -,vt . % Glzcols Wt . % Vater Refractive L~dex ( 25) n;o 

101 100 0 1.4321 
102 90 10 1.4230 
103 80 20 1.4140 
104 70 30 1.4042 
105 60 40 1.3943 

106 So 50 1.3844 
107 40 60 1.3741 
108 30 70 1.3639 
109 20 80 1 .3.539 
llO 10 90 1.3440 
111 0 100 1.3345 
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CONCLUSION 

The freezing point curves show that the various compositions 

of the ethylene glycol--water system exhibit greater freezing point 

depressions than do the ethylene glycol--diethylene glycol--water 

systems or the diethylene glycol--water system for the same percent-

ages of water . This indicates that as an antifreeze , ethylene glycol 

i::; the .nost efficient of the substances studied. , lthough there 

appea1·s to be a freezing point depression in the ethylene glycol--

diethylene glycol ·system, this effect is not observed in the ternary 

syste1J.s. The boiling point curves exhibit the same pheno ·tena, while 

the cm·ves of densities and refractive indices show an al.Jnost additive-

properties effect . 

That there is no multiple freezing point depression effect 

exhibited in the ternary sys ,,ems indicates there is no association 

bet veen or dissociation of the molecules of the system. If this is 

true, then it is likely that the freezing point depressions e:;d1ibited 

are a direct function of the nlliilbff' of molecules present per unit of 

1.i.a.ss. Since diethylene glycol 1.1olecules are r;mch larger than those 

of ethylene glycol, a system of diethylene glycol and water or of 

ethylene glycol , diethylene gl ycol , and water would contain a smaller 

number of molecul es per Ullit of rrass than would a system of ethylene 

glycol and water . 
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