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INTRODUCTION

The purpose of this thesis is to make a study of the
evaporation of organie solvents, The relative rates of evapo-
ration of the single substances and binary and ternary mixtures
are to be considered, A study of the shanges in eomposition
of binary and ternary mixtures that osour on evaporation are to
be mades, Information on the evaporation of organie liquids 1is
important in relation to lasquers, snd for that reason the sole-
venta used in this work are liguids eommonly wsed in making laee

quers,
There are many fastors whioh affest the evaporation

rate of liquids, some of which are vepor pressure, latent heat
of evaporation, specifie heat, oconduetivity for heat, the vise
oosity, surfage tension, and molegular weight, These faetors
are speoifie for the individual substanses, General eondie
tions whish vary the rate are humidity, temperature, rate at
which the wapor ie removed, and direetion of the air current
over the surfacc of the liquide These general eonditions
may be oontrolled by proper manipulation and eelection of

apparatus,
The presemse of a non~volatile substanoe, such as are

used in laoquers, affeots the rate of evaporation of the vola-
tile solvent, but this effeet was not investigated,

Evaporation rates and the beiling voints of liquids
depend upon their vapor pressure, but the retio of the volatility



of two liquids at room temperature camnot be prediqted by compe
arison ot(gt)mir boiling points, as has been pointed ocut by Brom
and Begin

Ind.Eng.Chem, 191968 (1927)

and Hofmamn(3)

Ind,Bng.Chem, 244136 (10352)

To investigate the shanges in ecomposition that take
plage upom eveporation, a method for anslysing the mixture should
be available by whieh the analysis oan be dome rapldly and require
only a small amount of liqnid. To measure the refrastive index
and the spesifie gravity requires very little time and liquid,
8inse the refrestive index and the speeifio gravity of mixtures
of erganie liquids wary with the somposition of the mixtures,
these physioal sonstants were used to analyse the mixtures,



HISTORY

Quite a bit of work has been done on the determinatiom
of the relative rates of evaporation,

(1)
One method

Ind, and Enge Chem, 203184 (1828)

is to evaporate ome gram of solvent in a frietion top
can oover end weigh at intervals until the eolvent has completely
evaporated, If samples ere run at different times, the results
do not chesk very well,

Another Mhod(a)

Ind,EngeChems 214692 (1929)

is to measure equal volumes of solvent into dishes
whioh are plaged in an air tummel, At definite intervals, the
air is stopped, and the dishes eovered and weighed, The results
cheok if the temperature is kept within ,8°C.

nornnm(”
Ind,Enge Chem, 249138 (1832)

gives a good review of the different methods used for
determining eveporation rates, The following methods are listed
in his artioles
le Alr ic passed over the surface of the liguid contained in e
flask immersed in a constant temperature bath, The humidity
axd wvelooity of the air is oontrolled, as well ae the tempe
ersbure of the entire apparatus, The mmber of liters of
air necessary to evaporate 10 ee. of liquid is used as a



messure of the
Volatility (®)
Bremstoff-Chems 5¢ 371 (1024)
2s A "seoometer" for temperatures above room temperature and
for high ooneentration of the
dager (m
Chem,News 141, 120 (1830) rbstract,
Se A method of determining oonstant evaporating mixtures by
the use of the Abbe refrastometer, as desaribed by

King and Smedley ()

Js Phys,Chem, 28, 1266 (1924)

Hofmann used two methods in the determination of rele
ative evaporation rates, One was the svaporation of the liquid
in aluminum dishes in still air and weighing at ome hour inter-
valse 26~30 oee Of the liquid were plaged in the dishes, which

wore 740 ome in diameter, The formula V, P x M, Wt. is given to

prediot the rate of ewaporation of a ligquid,
This formula gives a rate of 100 for n-butyl agetate as a stan-
dard of oomperison, In the ssoond method, the tamperature of the
1iquid, and the temperature, humidity, and velooity of the air was
sontrolled, A flowmeter measured the air veloeity, The temp~
srature of the bath was 28°C, and the air velooity was 1 liter/min,
The liguid was plased in a 200 ees« round bottom flask and ewapo-
rated to dryness and the time recorded.

Another methed of eomparing ewvaporation rates utilises
the Jole bdalance, An umknown solvent is evaporated in a sellu-



loid ehimney while a standard sample is being evaporated in another.
This d«%:w; gives an agourate oomparison of ewaporation rates of
1liquids.

c.'hz:iz5 )and Met.Eng, March (1833)

DeHeen
JeheGaSe 63 24 (1028)
worked on the rate of wvaporisation of several liquids by pass-

ing & gas ocurremt parallel to the liquid surfeoe in the evaporator,
but astion normal te the surfase was not entirely eliminated,
Evaporation of a liquid into a ocurrent of air projested normal %o
the surface, whers the aation of a stationary layer of gas resting
on the liguid surface is negligible, is essentlially a different
phenomenon from evaporation into a surrent of alr projeested tan=
gentially where & statiomary layer resting on the liquid surfasce
fs allowed to exist, With an inoreass im temperature, the speed
of evaporation inereases more rapidly than the wvapor pressure of
the liquid, At a given temperature, the weight of the liquid
whioh evaporates varies as the produst of the wapor pressure aad
the molesulsr weight, This produst varied from 3.4 for water to
433 for ethyl bromide, but shesked the weight of the liquid ewap-
orated to sbout 10X for the 8 liquids studied, 1If 8 is the weight
of liquid eveporated, ¥ the spesd of gas eurrent axd H a sonstant,
X equale 8(V

Compbell _

Trans, Faraday Sooiety 104197 (1914-15)
states that &t has generally been assumed that failure

(23)



to get satisfactory results of wapor pressure measurements im
presence of a gas, almost always air, has been duo to oxperimental
error, and in oases in which a stream of ges was used, to ineome
plete saturation,

Regrault eonvineed himself that the differemces whieh
he found were due to actual differemces of pressure, He sugg~
osted that the molesular sttrastion bebween the substanse of the
walls and the wapor particles caused comdensation smd that equie
1ibrium is never resched, becauss the rate of evaporation of lige.
ulds in presence of gases is slow and besause a f£ilm of liquid of
the thiokness requisite to saturate the wall cammot form on age-
ount of the foree of gravitation, It 4s suggested than en expl-
amation more in eonsonanse with the fasts recorded in this pepey
is that gases form films om the surfaces of liquidsy in other
words that liquide abeord gases, It has been proved by experi-
ments oarried out in a mmber of ways by Campbell and others
that liquide mﬂy“'npor’ prumrotn presence of gases than
when in oontaob with their own saturated vapors omly, It has
been showvn that, in the sese of any ome liquid, the lowering
is greater the more soluble the gas, cortain evidence has been
sddused whioh indiocetes that, with any ons gas, the lowering is
related to the solvent power of the liquid,



APPARATUB

The apparatus used wes desipmed to eomtrol as many oome-
ditions as possible. The oonditions which are controlled are the
volooity of the air, temperature of the liquid, and humidity of
the alry The evaporating area was sonstant and the distamse of
the surfaoce of the liquid from the air inlet was the same at the
start of each evaporation,

Oonstant air pressure was obtained by means of an air
punp driven by a 1726 repems DeCeehunt motor., BSeveral large
bottles asted as buffers for amy slight ohange in pressure,

The air after being dried by oaloium chloride was divided by a 2=
tube, oash elbow leading to an ewaporating bottles Preseding
the evaporating bottles were an orifioce, flowmeter, and a weters
¢ooled condenser, The opening in the erifioce was edjusted by
means of & sorew, and was set so that the flowmeter indieated a
rate of flow of air of 1/2 liter/min, Copper funer tubes were
substituted for the glass tubing to give bettor conduetiom.

The alr temperature was lowered approximatoly to 20°0. by the
sondenser,

Two sets of apparatus were made so that evaporation
tests oould be carried on at the same time., Besides having
the same air velooity, the following sonditions in each apparae
tus had to be the same to gebt check resulitss

14 Temperature of the liguid

2 Area of the liquid.

S, Distanse of the surfase of liquid
from alr inlet,

4o Diameter of the air inlet tube,



The temperature of the liquids was maintained at 20°C
X ¢1°Ce by & oonstant temperature bath econmtrolled by a toluene
meroury thermo-regulator, Simne the roomm temperature varied
betwean 24-32°, eold water was constantly run into the bath,

The temperature was raised to about 19,6°0s by one lamp, and ano~
ther lamp eomnested %o the thermo~reguletor maintained the tempe
erature at 20°C,

The 1liquids to be evaporated were placed in weighing
bottles (fig«2) whioh, when put on the oorks having the air
inlet tubes from the sondensers, are immersed sbout half of their
Beight into the constant temperature dath, The oorks were
ground to £it the bottles perfestly and a eopper wire was wound
around eagh oork so that the bottles would always €4t up to the
same height em the sorks The inlet tubes in eash sork were the
same inside dismeter, The end of the inlet ¥ube was lowel with
the bottom of the eork, The ratoe of evaporation was fasber with
& parrow inlet tude than with a large inlet tube with the same
smount ef air, Nelther the length nor the diameter of the alr
outlet Sube had an appresisble effest on the rates of evaporation
of the liquids,

The weighing bottles were & ame in height, and 2,8 em.
in diameber and area 6,18 sqetmy The bottles were ground glass
stoppered 90 that the volatile liquids sould de weighed withouws
appresisble loss due to evaperation, The bottles and liquids
were weighed to the fourth placey The following are the weights
of the bottles with their eaps:



Bottle Wo.l - 22,0791
Bottle No«2 = 20,6828
The distances of the surfaces of the liguide from the
inlet tube with different volumes of liquids ares

Vol.of 1iquid Distance from tube

10 co. 3.0 am.
6 ee, 349 ome
2 o8 4e4 om,

The refraective indices of the liquids wero measured
by an Abbe refractometers The temperature of the refractometer
was maintained at 20°0, by siphoning water from the eonstant
temperature bath,

The speesifio gravities were measured at 20°C.and
compared to water at 20°C, Fig.l shows the type of bottle used.
The bottles were filled by means of a eapillary tube and suse
pended in the constant temperature bath and the level adjusted
after the liquid had eome to the temperature of the bath,
Calibration of the specifie gravity bottless

Bottle ).(. 18 1e 2e 3 )
Weight of bottle 4.6132 4,7169 65,0636 He1204

Weight of bottle
plus water 8,1401 By 2756 5.0341 646504

Weight of water +5260 +5697 «5706 +4646

/0.



- Specific Grovity  Botfle

/1,



air inlet —»

——
-_— e

Vas d/'f‘ ou//ei‘

ap <~ Copper Wire

Sorface of Constant 7;m,:7_ Both
¢

Eva/oor-a/ian Bottle

1.






/4

DATA AND RESULTS

Evaporation of pure solvents;

Table 1, 2, and 3 give the data obtained for the
evaporation of the single solvents. The results in Table 1
give the loss in weiglt for 10 ee. of liguid.
The 1liquid was pipetted into the weighing bottles, care bdbeing
taken not to let any liquid touoch the sides of the bottle above
the surface of the liquid, The bottles were govered and weighed,
preventing as mich as possible the splashing of the 1liquid,
The oovers were removed and the bottles plased on the corks.
The air was sbarted bafore the bottles were put in eomneetion
with the air inlet, The liquids were evaporated for 16 minutes,
the time being cheocked by a stop watesh, The bottles were
removed from the apparatus, oovered, dried and weighed,
Teble 2 are results for 6 es. of liquid, and Table & is for
2 90, of liquid,



TABLE 1

Bvaporation of single solvents ueing 10 es. of sample.
(Time of Evap, * 16 mim,)

Solvent

Acetone

Ethyl Aeetate
Bensene

Toluene
Iee~propyl alsohol
Iso~amyl acetate
n~propyl algohol
n-~amyl aeetate
a-butyl eoetate
Xylene

Iso=-butyl alsochol
n~butyl aleohol
Amyl alachol
Bthyl laotate
Cellosolve
DiButyl Phthalate

loss in weight
1.680
+850
<931
4375
«360
«233
«196
«162
182
+138
o134
#1100
»088 |
«081
. /07T
017

Weight of sample
7.6688
8.,6647
8.4184
8,3621
Te 7837
8. 3240
7« Y886
844204
8,6884
844899
747087
7.8488
T+ TO07
89,9482
8,9963
9.8485

/5



TABLE 2

Evaporation of single solvents using 5 es. of sample,

Solvent

Acetone

Bthyl acetate
Benzene

Toluene
Iso~propyl alesohol
Iso~amyl aoetate
n~propyl aleohol
n~amyl asetate
n-butyl avetate
xylene

i{so-butyl aleohol
n-butyl aloohol
axyl aloohol
tthyl laestate
eollesolve

dibutyl phthalate

loss in weight

1,372
+«823
824
23680
e 338
« 212
179
a7
»168
.126
»12B
«096
.078
«078
P
«014

Welght of Sample

3.8869
4.,4220
4, 2947
442260
309202
442104
3.027Y
4.2843
4,553
4. 2487
$.8831
3.9688
S04
840138
4,6898
6.0182

/16



TABLE 3

Evaporation of single solvents using 2 es. of sample

(Time = 15 min,)

Solvent

Aoetone

Ethyl acctate
Bengene

Toluene
iso-propyl aleohol
iso-amyl acetate
n-propyl aleohol
n~amyl acetate
butyl aocetate
xylene

iso=-butyl aleochol
n=butyl aleohol
amyl alechol
othyl lactate
eellosolve

D1 butyl phthalate

Loss in weight
1,204
« 709
«T10
328
« 289
»188
0161
«158
o154
«119
o111
»082
«070
+»086
«064
012

Tieight of semple
1,4847
1,7082
1.6666
1,6487
1,6116
1,8399
1,6075
1,8469
1.6817
1.6586
1.4847
1.6123
1,6032
1,9088
1.7633
1,8943

17









Refrestive indices and spesific gravities of the lige
uids were determined, end the wvalues given in Table Ko, 4.
Binary mixtures were msde and the refractive index and speaifio
gravity for them given in Tables 6 « 10,
The liquida were weighed in glass stoppered weighing bobtles and
the perdent by volume saloulated from the weight and spesifis
gravity, The ternary mixture butyl alechol-toluene-ethyl
soetate was examined in the same mammer, and data s listed in
Table 11, The graphs 3 - 8 are the surves obtained by plobting
the refrastive indioces and speeific gravities against the peroemt
by volume saomposition of the binary mixturess Graphs © and 10
show that the walues of the rotraotivéendioon of the ternary mixe
ture ethyl ascetate-butyl alecholetoluene fall on straight lines,
which 18 very strange sinoe tho binary mixbures that make up the
ternary mixture do not form straight ourves. The values for the
speocifio gravities do not all oocur on a straight line ocomeot-
ing the values of the specifio gravities of the binary mixtures,
but the error resulting by essuming straight line curves is not

very grest,

20



TABLE 4

Refrastive index and Specifio Gravity of the solvents,

Solvent

ethyl acetate
toluene

butyl alochol
eellosolve
benzens

dibutyl phthalate
n=propyl aleochol
n=butyl ssetate

Refraotive index

1,3713
1.4922
1,3981
144085
1,498)
1,4013
1.3946
1,3937

Speeifie gravity 20/20

«P02
«862
+814
«940
+876
1,049
+808
«883

2l



butyl aleohol toluene
Siotie Taves * Bovot “aafsoe avs  EBop
1,6788 2,07 80,07 4,1638 4.82 70,07
«7630 94 8,7  8,4592 9481  B1.3%
3.3414 4,10 38,37 B,0E98 6,858 81,7
TABIE 6
Bthyl acetate toluene
weight volums % dy vol, weight wvolume % by wol,
4043238 4,91 71.8% 1,8640 1,63 28 2%
4,4181 4.89 80,0% 442219 4.89 50,07%
1.6768 1,80 27,0% 41780 4,84 7241%
#8683 L96 8.0% B.4773  9.83 814 2%

TABLE b

Butyl alechol-toluens mixtures.

ref.ind,
1.4440
1,4680
1.4032
1,4549

ref ind,

1,4080
14306
1.4578

1.4312

RA

SPe e
»B838
+B848
«869

8peBY

«891
«883
+8Y8
+867



PABLE 7
Ethyl ssetate-butyl alechol mixture

Butyl Aleochol ¥thyl Acetate Refyind, 8p.0r.
Vieight wolume % by wol. Weight Volume ¢ by wol,
4,3836 4,86 26486 Lo4387 1,76 T5.4% 143778 .87
8,4146 4,90  B0,0%  S.9134 4,80  B0LOF  1.3636 855
147083 1,89 71.8 3.,91268 4,80 28,28  1.389T 837
1,6684 o98 91,2 7.9618 | 9478 8488 143954 L821
TABLE 8
Bthyl asetate~butyl asetate mixtures

Bthyl asetate Butyl acetate Ref.ind, Bp.fr.
Weight volume ¥X by vol, Weight velums % by vol,
4,3876 4,08 50,6% 441688 4,72 49,4% 13822  ,891
2,4697 4,94 73.9% 1.8520 1,78 20,2¢ 13770  .884

1,6998 1,08 28,94 4,1563 4,70 71.6% 1,3870 »889
+8540 04 8.8% 83,7080 0,88 91.2% 1,3916 +684



Weight volume £ by vol, Weight voluwms ¥ by vol,

494680 4,88
443973 4,87
Le7287 1.9

#8083 98

Bthyl acetate
Teight volume % by wvol, Weight

403088 4,77
4.448T7 4,93
1,86959 1,88
#8892, .98

TABLE ®

Bthyl acetate-n-propyl aleohol mixtures,
Ethyl agetate

73.1%
80,0%
28,3

9.1%

Bthyl aocetate-oellosolve mixtures,

T1e9%
B1.6%
27.5%

8.87%

n-propyl aleochol

1.AT78 1,88
39049 4,063
B,9088 4,83
Te80BE 9,77

TABLE 10

¢ellosolve

1,7631 1,88
43449 4.62
45541 4495
89,1316 9a72

26.9%
50,08
T 7%
90, 0%

volume % by wl.

28, 1%
48,4%
72,6%
8128

Refsind,

1,8740
1.3771
1,3802
1.3880

Spelre

o874
«853
834
«818

Refeind, Spdr.

1,3809
1,3880
1,8964
1,4080

+910
o917
+928
934



TABLE 11

Rohyl Asetatoe~Toluene~Bubyl Alachol

Butyl Alechol Rehyl Acetate Tolueme Ref, Ind, Bpe Oy
% by vel, % by wols % by vol,
3340 23,8 38,8 144268 «853
213 28,3 8344 144403 »862
14,0 1746 65,4 1,4668 «504
20,2 37.1 347 14193 +861
4449 20,2 2549 led182 850
12,3 1643 7244 L4610 862
8le4 26,5 23,1 104128 T
2840 8540 1840 144008 +870
8ot A 0.2 LedTHS 862

43 g [% B4 1300 « 083



























Evaporation of bimary mixturess

Tables 12 = 15 give the results obtained by evapo-
rating mixtures of the liquids., The refraective index of the
mixtures were reeorded before and after the evaporation, and
the weight of the samples were taken before snd after evapora-
tion. 10 60, of the mixture was used in all sauses and evapo~

rated for 15 minutes,

34



TABLE 12

Bthyl acetate-butyl asetate

no:;f::gu \fber Diffe Lose in wh,
145903 143910 7 #3311
1,8878 1.5883 6 +4686
1,3884 143860 6 +8798
1.3027 1,3836 9 +6818
143809 1,3818 9 »7660
148793 1,3801 8 «7818
13780 1,5786 ] «8960
1.8778 1,3778 5 «8980



TABLE 13
EBthyl Acetate-~Butyl aleohol mixtures,
(10 sesevaporated for 16 min.)

Refraotive Index Dife, in Loss in W,

Before evape. After evap, RefesInd,

1.3786 1,3773 B +8548
1.3781 1,3787 8 +8579
1,382%2 1,3832 10 «TATO
1,3838 143880 12 «TO77
1,3848 143861 13 +8767
1,3873 1,3888 15 «6243
1,3882 1,3889 (4 «B8782
143884 1,3889 5 +8T11
1, 3886 1,3892 7 » 8680
1,3866 1, 3889 3 +56668
1.3886 1,3892 6 +B833
1,36888 1,3894 8 «5660
1,388% 1,3900 13 « 5866
1,3088 1,3800 2 «5618
1,3889 1,3889 ) « 5408
1,3890 1,3806 8 +8862
1,3897 1.3012 15 #0280
1,3904 1,3919 18 #4948
1,3912 1.30828 | 14 4804
1,3042 1,3082 10 +3008
1.3963 1.3069 6 +1982

1.3870 1,3978 5 #1868



TABLE 14
Toluens~Butyl aleohol mixtures
(10 ec. of mixture evaporated forelBemin,)

BororoR:f:;?ti“A}:g:xmp. g‘lgimh: Loss in Wt,
1.,4508 1,4907 1l « 5747
1,4893 1.4894 1 +3810
1949890 144892 2 + 3863
1.4888 11,4871 3 «3909
le 4881 124854 3 .393§
144820 1,4823 3 5808
1,4806 144807 2 o3801 -
1,4770 14768 2 25833
1. 4787 144766 2 #3786
144723 1,4720 3 +3706
1.,46808 1.4892 4 23666
104660 1,4688 8 «3880
124647 144640 14 + 5668
1.4619 1.4611 (] +3616
104808 1.4588 9 »3641
1,4870 1.‘“0 10 +3611
1.4549 1.,4538 11 +3658
104438 1e4408 0 «5188
1,4418 1.4407 11 - #3003
144407 144396 b ¢ | #3023

e
3
o

14303 1.4380



TABLE 14 (oontinued)

Refragtive Index Diff.in Losa in W,

Before evap, After #@vep. RefeInd.

1,4378 1.4382 16 « 2848
1.,4307 1,4297 10 « 2580
1,4300 104200 10 #2518
104280 1.4261 9 + 2594
1,4237 l.4289 8 « 2260
1.4207 1.4200 7 «2126
1,4169 1,4183 6 01848
1.4108 1,4103 6 +1588
1,4078 1,4071 4 01415



TABLE

16

Toluene-%thyl Acetate mixtures.

(10 es. samples for 16 min.)

Refraoctive Index

Before evap,
1,3748
1,3798
1,3863
1,3866
1,3987
1,4120
104200
104248
144310
1.4341
1,43668
1,4382
1,4400
104431
le4464
144493
104798

After evap,
1,3760
1,3803
1,3873
1,3878
13974
1.4143
1.4224
1.4276
1,4340
1.4372
1,4387
1,4413
1l.4431
1,4461
1,4494
1.4821
1.,4810

Diff. in
RefsInds

-

8
10
12
17
23
24
28
30
3l
31
3
3l
30
30
28
17

loss in Wt

+9423
«9410
+P433
+9398
9221
«8712
+8899
«8410
+8319
20147
«+8009
«8072
+T808
«T788
«T688
« 1328
«4810
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It was observed that the shanges in refrective index
of the bimary mixture ethyl asetate-butyl aleochel gave a peculiar
ourve, 80 this mixture was investigated in another manner,

10 @0, of a mixture of ethyl acetate-butyl aleohol were pippetted
into the evaporating bottles and placed on the eorks for evepo-
ration, Every 15 minutes, about 5«6 drops were removed from the
bottles through the air outlet by means of a eapillary tube,

The results are shown in Table 18, when the evaporation was
stopred, two layers were observed, but on shaking, these layers
disappeared and a hemogeneocus mixture was formed.
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TABLE 16

Ethyl acetate-Butyl aleohol

Time

16
30

60
76
90
106

Refraotive Index

1,3870
1,3884
1.3887
1,3900
1,3097
1,3801
1,3889
1,3889

Bottle ¥o.,1 Bottle Noe2

1.3834
1,3843
1,3088
1,3880
1,3860
1,3850
1,8880
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The refreoctive indices in Table No.l6 do not var— in
any definite manner, The samples taken from the evaporating
bottle seaem to have a refrastive index different for the upper
and lower layers, This means that the two layers have a diffe
erent sompositions To investigate further the formation of
these layers during evaporation, several binary and tormry‘
mixtures were evaporated for one hour, The refrastive index
of the mixture before evaporation was regorded and the refraes
tive index of the upper and lower portions of the liquid after
evaporation was reocorded and the liquid after evaporation was
moagured, The data is given in Table Noe 17,
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TABLE 17

Nixture

Ethyl asetate=butyl aleohol
Toluene=butyl aleohol

Bthyl asetato-propyl alechel
Bthyl aostate-gellosolve
Tthyl agetate-toluens

Rthyl acetato-butyl acetate
Tolueme=butyl asetate
Benzens e=butyl algohol
Toluene-propyl alechol

™ n
" L]
» "
™ "

Bensene-amyl alachol

Fthyl soetate-amyl aleohol
Toluene-amyl alechol
Bensens-propyl alaohol

Dibutyl phthalate~Bthyl acetate

bo?ggzxgsap.
1,3870
1,4488
1,3807
1,3974
1,4480
1,3886
14,4080
1.,4260
1,4019
1,4080
1.,3920
1,4290
1.8080
1,4200
13940
1.4227
14147
1,4617

Refrastive Index

lower
layer

1.3872
1.4438
1,3811
1,4020
144607
1,3807
1.4038
1.4240
1,3072
1,4036
1,3808
14240
1,3870
1,4196
1,3988
1,4180
1,4082
1.4802

upper
layer

1,3048
1,4429
1,5831
144020
1.4607
1.3907
1,4038
1.4108
1,3872
1,4088
1.3698
1.4240
1,3870
14080
1,3048
1.4220
1,4001
1.4802
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Mixture

Fthyl Acetato-
butyl aleohol
bdensens

Bthyl Aeetate-
butyl alechel
toluene

Rthyl Acetate-
Amyl alechol
bengene

TABLE 17 (oontinued)

Ref,Ind,
before evap,

1,3992
16,4030

1,4088

1,4089
1.,4002

Refraotive Index

lower
layer

1,3990
1,4020

1.4102

1,4064
1,4083

upper
layer

1,3880
1,3987

1,4008

1.4024
1,4089

14



DISCUSSION OF RESULYS8

The solvents evaporated are given in Teble 1 4n the
order of their spee of evaporation, Asetone is the most vol-
atile liquid, Ethyl acetate and beanzene have practically the
same rate of evaporation, as do toluene and iso=propyl alechol.
Didbutyl phthalate has a werv slow rates The iso~oompounds
evaporate faster than the normal-scompounds as shown by the deta
for propyl aleohel, amyl scetate, and butyl aleohol. The rate
efevaporation of the aloohols deereases with an inercase of the

mmber of (Hz groups as illustrated by propyl alechel, butyl

alachol, and amyl aleohol,

Graphs 1 and 2 show eurves for the loss in weight
of the liquids ewaporated plotted against the mumber of eo. of
14quid plaged in the evaporating bottle, The eurves are straight
lines showing that the amount of liquid evaporated is direetly
proportional %o the distance of the surface from the air inlet,
The oloser the surfeee is to the inlet, with the same amount of
alr, the faster will be the eveporation rato,
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In the discussion of the history, several referensces
are given whish prove that the vapor pressure of a volatile 1ig-
uld is lower when it is in the presence of an inert gas or when a
stream of an inert gas 1s passed over the liquid, This was
found to ba the ease in this work, as shown by the eomparison of
the wvapor pressures of the liquids and the galoulated walues of
Vapor pressures froa the experimental date in Table 18,

The 1liquids whish have a very slow rate of ewaporatiom give
almost the same walues of the theoretical vapor pressures at 20°C.
whereas the more volatile liquids vary quite a bit from the true
valuese The nmount of deviation from the sorreet walue seems
%0 de a funetion of the wvapor pressure, in other words, the air
paseesd over the more volatile liquids is less saturated than the
ligquids having a low vapor pressure. This effect may be partie
ally caused by a thin air film over the surfase of the 1liquid,
and also by some absorption of the air by the liquids, and thore
may be a slight amount of water in some of the ligquids whieh
would eause a deviation in the vapor pressure,



Solvent

Aosetone

Ethyl Aaetate
Toluene
n=propyl aleohel
B~butyl agetate
n=butyl alochel
amyl aloohol

TABLE 18
Vapepress, CalaeVeTs

184,.8 8346
72,8 2843
22,78 878
14,8 8.0
9¢6 3.8
4,39 3.27

2.8 244

Ratio
o34
34
o4
«85
+40
%4
88

-



The date for the rate of evaporation of the binary
mixtures ethyl asetate-butyl asetate, ethyl acetate-~butyl aleohol,
butyl aleocholetoluene, and ethyl asetate-tolusne are plotted
against the original refractive indises of the mixtures in grephs
1l=14¢ The gurves are smooth, but the one for bdutyl alocholwtol«
uene shows a peculiar rise near the purs toluene, Mixtures hawve
ing a small amount of the butyl aleoohol with the toluene have a
fagter rate of evaporation than pur~ toluenes This may be due

t0 the presgence of & small amount of water in the alachel or

toluene,.
The ohange in refragtivdindises of the two mixtures

ethyl soetate-butyl aloohol and toluene~butyl aleohol during
evaporation is net unifom change whish is explained by later
evaporation tests that show a formation of layers of these two
mixtures, The mixtures ethyl moetatesbutyl agetate and toluenoc-
ethyl asetate and 40 not indicate a formation of a constant
evaporating mixture that evaporates without ehange of oomposi-
tion, These two mixtures show a maxtmmm change in doauposition,

SA



The data in Table 17 shows a mmber of bimary mixtures

that form two layers during evaporation, In those mixtures im
whioh the refractive indiess are different for the upver and
lower portions, ¢two layers were definitely obssrved and whiech
disappeared upon shaking to form a homogemeous mixture,
The mixtures that formed two layers always eomtained an aloo~
hols Toluene-n=propyl alechol wasthe only mixture eontaining
an aloohol that did not form two layers, The three termary
systems 4in the table also show a formation of two layerss The
lower layers in most ocases did not differ in composition mush
from the originmal eomposition, The upper portion deoreased
in the amount of the more volatile liquid, becoming more sonoen=
trated with the least volatile liquid,

Several fastors which may cause this formation of

layers ares

1. The evaparation of the more wolatile solvent from the sur-
fege, leaving the solution more ooncentrated at the sur-
feaoe with the less volatile liguid whieh does not very
rapidly mix with the rest of the solution,

L. Presence of water in the liquids.

3e Absorption of alr,
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COXGLUSIORS

An apparatus is devised whioch gives evaporation rates that
ohesk within ome persent,

Gertain binary and termary mixtures form two layers during
evaporation when air is passed over the surfece of the
liquid.

The refractive index oan be used to determine the pereont
by volume samposition of binary mixtures of organie solv-
ents,

The refrastive index and spesifie gravity of mixtures of
ethyl seetate-butyl aleohol-toluene ean be used to deter-
mine their pereent eomposition.

The dbinary mixturee tolusne-ethyl asetate and ethyl asetate-
butyl ascetate show a maximum charge in somposition when
there is about 50X of eash eomponent in the mixture,

The evaporation rate of & 1. 1id varies indireetly with the
distanse from the air inlet,

The mpontion rates of dirpary mixtures of ethyl asetate-
butyl alechol, are between the evaporation rates of the twe
somponenta.

Mixtures of butyl alecholetoluene having a low peroentage
of dutyl aloohol eveporate faster than either eomponent,
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