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PREF.ACE 

Because of their utility cc gre[:;.t deal of rese.,:;rch hacs 

been devoted to the determination of vapor pressures. Heats 

of vaporization and sublimation, as well a.s equilibrium. con

s tan ts s.nd activities are calcula:t.ed directly from vapor 

pressures. In addition they enter into m&ny calculations 

of heats of dissociation and ionization. The vapor pres

sures of substances are often important in connection with 

their technical application and vd th the h&zerds encountered 

by industrial ·workers who breathe their vapors. An outstand

ing instance of the inportance of vapor pressure studies is 

found in the work of Langmuir on tungsten which revolution

ized the incandescent lamp industry. 

Several methods are available for meB.suring ordinary 

vapor pressures, but most of them fail when applied to the 

measurement of low vupor ,ressures such· r;.s are e:xhibi ted by 

metals, crystalline salts, manJr industrial and :medicinal 

products and li'quids of high boiling point. So:ne special 

studies of methods which are applicable in this field have 

met with consider&ble success, but these methods tend to be 

time consuming and cumbersome. This thesis presents the 

results of a study of the effusion method originated by 

Knudsen. 
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INTRODUCTION 

Historically, the static method for determining vapor 

· pressures dates from the time of von Bt~bo (1) and Wullner 

and resulted in the generalizations concerning the rela.

tionships between concentrc::,tion and pressure. .As repre

sentative of a large class of static methods, may be taken 

that form in which the substance is introduced into t, j acl:ceted 

Toricellian vacuum and the fall in the column of mercury is 

measured. Raoult using this method., simple as it is, obtain

ed data ·which enabled him to enuncinte the well-knovm law 

which bears his name. This method obviously ce.nnot be used 

for very small vapor pressures .. 

Dieterici ts differentia.l method as modified by vc:.rious 

1Norkers,. notably by Frazer and Lovelace (2) is one of great 

potential accuracy~ especially ·when :l t employs the Re.yleigh 

· :manometer.. In the hands of the lfatter VJ'Orkers it has given 

excellent results with solutions of mannite, potassium chlo

ride and other substances. The chief sources of error are 

inconstancy of t6:mperature during the experiment and impl.tri

ties in the e:xperiment;;;.l m&terial. Very small quantities of 

certain impurities mc:-..y give rise to error. The method l'rn.s 

no,G been found applicable below a.bout O .. 1 mm. of mercury. 

The isotensiscope method of Smith and Menzies (3) is 

cEpt,ble of excellent results if care is tal-ren to see to it 

that all foreign vapors and gases have been removed from 



the system. It has been used in numerous instances. It is 

particularly suited to liquids and it r118.y be adfl.pted to any 

substance by using an inert l:Lquid in the mcmometer, The 

range of pressures to which it is applicable lies somewhat 

~bove that f'or which the differential method mEy be used. 
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Dynamic methods have f'ound much wider t.::p-;:ilicetion then 

static methods since they are less difficult experimentally, 

though their intrinsic. ttecuracy s,eems to be less.. The only 

one of them which might well be Rp:1lied. to the meD.surement 

of small vapor pressures is the gas satur;:.;tion method origi

nated by Ostwald ( 4), improved by V::allcer ( 5), and probably 

carried to its highest development by 'l:?a.shburn (6). It has 

been applied to the determination of the vapor pressure of 

.mercury at ordinary temperatures by ilorley ( 7) ,md to the 

determination of the vapor pressures of iodine by Baxter, 

Hickey, and Holmes (8), a:mong others. The important fEctors 

are temperature control, the determination of the quantity 

of air or other gas which is passed and the 1'1.'eighing of the 

substence · carried over by the gas. Very lc.rge voluoes of 

gas must be passed in order to vaporize such c.\ q_uanti ty of 

substance of lovv volatility as can bE' determined with rea

sonable accuracy, and the in.di vidm:~l runs commonly require 

:man;f hours. 1.fhile, therefore, the method is &.n excellent 

one for the determination of lovy vapor pressures it is by 

no meru-is ideal .. 

Ji...;,11ong methods for rn.e&su.rernen t of very low pressures YH~ 

have the M.cLeod Gb.uge (9) ·which is re2.lly the stEndard in 
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the field, the GEi.ede vacuo-scope l..10) v;,hich is E,. refinement 

of the :McLeod gauge, the Knudsen convectio:a gauge (11), and 

its improved form as developEid by Du!'ll.onds (lf:), the qusrtz 

fiber Vibration gauge suggested and used by Lt.nguir (13), 

and by Coolidge (14), the hot v'ire mru.1.ometer of Pirani (15), 

the ionization gauge (16), iimd Carver's (17) improved opti

cal manomGter which is o refinement of the f\ayleigh gauge. 

These gE:uges serve very well v;i th the perrrwnent gases, but 

they &,re all essentially inaccurate for the determination 

of the vapor pressures of substances vrhich cEi:n condense up

on their walls. This difficulty ce.n be avoided in certain 

cases by maintaining the gauges at constant, high temper2-

tures, or, in the case of the ionization gauge, in a ther

w.oste,t. This ·Nould, in general, involve too greB,t difficul

ties. The hot wire manometer of Pirani cannot be used for 

the further re&.son thvt :many substances are decomposed on 

coming in contBct with the hot ivire. These gauges, there

fore, can hardly be employed for the purpose which we have 

in mind. 

The Knudsen method based on the effusion of gases md 

vapors through an orifice of known area presents an accu

rate and convenient.· way of determining vapor pressures of 

solids, crystals., and liquids of low volatility., It h&s 

been used by ;(ff&dsen (18), himself., on mercury; by Edgerton 

(19) on cadmim'l., zinc, tind lecid; by Pillings ( 20) on calci

um.; &.nd by Hack and Swc:,n ( 21) on nB.ph. thalene, chlor-m1iline 

and certain other substances. 
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If the pressure upon a crystt:tl at constrmt temperature 

be reduced gr£u:'lually, a point will be ret,ched eventurdly Ed:; 

v!'nich it passes to the vapor ph&se u:::1der e~u.ilibrium con.di-

tions; that is, the crysts.l begins to ev1:;1porE,te 1:::,s :2, lic:,uid 

would at its boiling point. Presumably, this is true o:f any 

pure chemical co'.tpou:nd regardless of th.E. condition of aggrEi-

gation of its molecules.. It is this equili1Jriur:i pressure 

vrhich is to be measured. 

The principle of the Knudsen method is c,s follows: 

The substance is held in a cont,dner at constvJ1t tempera-

ture, Emd its vc:.por escapes to the surrour1ding s.pace through 

a very small hole. If the orifice is very smi::tll, then it 

may be assur.11ed thEt the pressure 1,d thin is equc:..l to the va.por 

pressure of the substance.. If the 11ressure in the effusion 

chamber ou.tside the equili briu:m box is very low and the ori-

fice is relatively remote fro.m the VTalls of the ch.Ember 

if, further·, the vapor is effectively removed :from it by 

condensation upon surf&ces which are very strongly cooled., 

no molecules can return to the effusion ch8rn.ber. °l'he Vbpor 

then issues from the orifice at its equilibrium pressure. 

The weight of material effusing in unit time per unit cross-

sectional area of the orifice: is the:::-i r n:i.cc:!sure of the vo,por 

pressure of the sub.stance. This prE,ssure c&n be CEilcul2-ted 

by ur3ing the cc(tlt;tion d.crivod fro.D.1 the }:inetic gas theory 

by Meyers (22) with the modification of Kn.udsen (18). 

pl - po = ~ x Vi1 ~W2 

In this eqrn.ition P0 is the pressure of' thE;: system exterior 
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to the box, G is the weight in grams of the subst&nce effu-

sing in time t, e is the density of the vapor, 11'1· is the 

resistance offered by the hole to the outgoing wolecules and 

VJ2 is the resistance of the chamber or, in reidi ty, a me2,-

sure of the degree of refl-ectio~1. of the molecules baclr into 

the bo.x. When the chamber is made very lt;.rge cornpa.red to 

the cross-sectional area of the effusion orifice, s.s in these 

cases, WC) becomes negligibly small f.jnd if' P0 is less than 
"' -5 

10 mm. of mercury it can El.so be neglected. Under low 

pressures and ordinary temperatures the vapor obeys the gas 

laws and e can be expressed as a function of the molecular 

weight. At a pressure of one dyne ~1er squEre centimeter w1 

equa1s{2:j ( 23).. This reduces the t:i,bove equ& tion developed 

by Knudsen to the familiar equo.tion of Langmuir 

p =ft/JM~ 
P is expressed in dynes per sq. cm., G in gra1ns, R in ergs, 

and t in $econds.. A is the area in sq. cm. of the. effusion 

hole and Tis the temperature on the Absolute Sccile .. P mHy 

be expressed in millimeters of illercury by dividing the pres-

sure in dynes by 980 which is the acceleration due to grav

ity times the density of mercury.. This f2,ctor is 1.333 x 10 4 

at 20° C 



EYi.PERIMENT i1L 

Our apparatus Wets essenti£-lly the same f,.s th&t used by 

Mac:k: and Swan with mi additional modification vfhich would 

facilitate removal of the effusion box and ,,!ake the deter

minations less time-conswning. Their c.>cppar&tus consisted 

of a lax·ge tube of twenty-four sq. cm •. cross-sectional 

area which led directly into a vapor trap Which ;,ras cooled 

by a mixture of dry ice G.nd a.cetone. A hollow cylindrical 

brass block, vefhich held the e:ff'usion box, was sealed with 

de Khotinsky cement into the open e:nd of the tube~ It had. 

to be removed each time a vrnighing of the box conta.ining 

the sample was to be made. This end of the l~ppa.ratus vr.ss 

immersed in the water of the eonstrrnt te-;t1perature bath 

during the runs ... · 
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A complete drawing of' our en tire appf1ra tu s, including 

the .ticLeod gauge c.;.nd dif.fusion pump,_is given in J:iig. 1 •. 

The equilibrium boxes vYere made of brass.. They weighed 

c:ebout thirty grams each. In the top of the lid, which 

screwed on hermetically, was D. hole of about one centimeter 

diameter. Over this hole was soldered &. thin co11per disk 

in 'llihich & tiny hole was made by :piercing with ;:i needle. 

The disk was then 1;olished with emery p.siper to remove any 

rough edges from the hole. The diameter of the hole r:as 

determined by two methods; first, by means of a Gaertner 

comparator, and second, by means of' an eye-piece r:.1icro

meter.. Measurements made with the tv:o instruments on five 





different dii:,meters of the hole, which checx:ecl ver-:,· itt'ell,. 

gave the average value for the first box .lJBl ± .0003 1:m1. 

·1 1 - 4 ts area was 3.0~ x O sq. cm. Two other similar boxes 

were e.lso used. The diameters of their holes were • f:056 

and .323 :r:run. respectively. All three proved equc::,lly good. 

The bloek, which held the effusion box snugly, '!'JBS r,lso 

made of brass &.nd wa.s illachined to fit the tube of 50 ::un. 

bore that was used for the crw.lilber. It was se.:,:led in place 

V;i th softened p1cein which was o.lloi!i:ed to set until firm. 

The effusion box could be removed vti thout disturbing this 

block through B l,1rge ground-gl;,;ss joint sealed into the 

top ;s,,s shown at A of Fig .. 1. The fe:ciale part of the joint, 

~hich was sealed on,. had an inside diameter just large 

enough to permit removal of the box. A special stop-cock 

grease (Cenco No. 15520) designed for high vacuum wo:;-:-k was 

used on the .ground glass connections. It Effectively pre-

vented .leaking a.nd had no detecti ble vapor pressure~. The 

tube leading from the chamber into the trap v:as of 12 mm .. 

bore in order to be sure of very little vapor resistance 

at this point. The v&.por trap was cooled by 2. mixture of 

dry ice o.r1d c::cetone in order to re:.1ove any mercury vapors 
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diffusing back into the chamber from the pump or g&uge, and 

G.lso to prevent co:ntamin~tion of the pumps by the organic 

:vapor. The evacuation sJrstelll consisted of t:, mercury dif-

.fusion pump backed by a Cenco Hyve.c puii1p. .Jri mercury sealed 

stop-cock connected the effusion cha.m.ber and trc:,p to the 

evacuating system. If the system had been previously out-
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gassed by pumping for severc:,l hours the pressure in the cf-

. . 1 -5 fusion chan1ber was r•educed to :x 10 mm.. of mercury in 

four minutes after opening the stop-cock leading into it •. 

The i\.icLeod gauge was used in testing the pressure on the 

systecr from time to tiJ:!le to make sure that it wt:.s low. enough 

to be negligible,. The e.ffusion cha:o.ber, excluding the trEp, 

was immersed in a eonstant temperc·.ture bath that was con-

trolled by a mercury thermo-regulator .. The temperature could 

easily be main ttilined to .Oc, degree E-.nd usus.lly to .. 01 of a 

degree. The bath was stirred vigorously, in order to insure 

constant temp.erature throughout. The thermometer was cB.1-

ibrated by comparison with a thermometer calibrated by the 

Bureau of' Standards. 



PHOCEDURE 

The material whose vapor pressure v:ns to be dE::term:tned 

;J:ras placed in a thin leyer on the bottom of the box, usually 

about enough being b:i1rnn to cover 1;he sur:f& .. ce. The ljox wa.s 

first ·weighed U'1en lowered by h hook through the 011ening at 

A into the brass bloclr B. Ti1e mc:,.le element of the ,,~ r·o1wn n -
0 --· . 

glass ;joint was then covered vd th the special high vacuum 

lu.bri:c:ent and put in place. The box w2,s allov:ed to remain 

in the effusion chember D.pproxi111Etely one hour beforEJ st,::.rt-

ing the Gxperiment to he sure thc1t the cr;stals had come to 

temper~~ture. Good hee:t transfer ,;~i,s obtr.ined through the 

brass block from the th into the effusion box. 

Durin,g this time the stop-cock K r,Tas closed and the 

other pD.rt of the system y.ras evacuated. 1.Then the syste:n h2,d 

c01ne to temperature thE? stop-cock was ope:n.ed End the rm1 start-

ed. The time, during vthich the e.x:periment rBn, v:ns rneEsured 

in seconds by means of B Cenco timer. The pressure wss chedced 

from time to timE, during the oxperiinent to ma.h:e sure thzt it 

remeined negligible. lW.aek ( i14) has st2,.ted UH:; t the, ~:1olecules 

tW2:por2cting from a newly formed surface corne off' in aggreg2tes 

of molecules ,md not 1,;s single molecules, et first. V.e be-

lieve this to be true since our first determinations were usu-

ally too high. r,:'or this reason the first runs •Here disccirded. 

:I'he average length of the ru..ns 'liiic,s t;bou.t four hours, neVE:>r less 

th&,n three, and some of c:,bout eight hours duration. The long 

runs were neces~:inry in order tht, t E'ccurc:c tely weighatle amotmts 

might be lost by effusion. 
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'fhe accuracy of the appD.ratus v,ras checked by determin-

ing the vapor pressure of naphthc:.lene at 30 degrees Centi-

grc,de. Two sa.mples, purified by tr:o different methods, were 

used. In the first, c.~) .. ns,phthalene wBs recrystallized from 

ethyl alcohol four times, then dried e.nd put in s_ vacuum des-

iccator and evacuated for severBl hours. The results &re 

given in the .following table 1i11i th the results of iii&ck and 

Swan and Bar}rer ( 21) on the sar:1ples v;-hich they purified in 

the same manner .. 

Vapor Pressure in dillimeters of hforcury of Haphthalene at Z'I0°c. 

Mack and Swan------------ ,.16.c· 
Barker------------------- .163 
Barker-----------..: _______ .164 
Trimble and Smith-------- .165 

(3 determin&tions) 

(Dyno.mic Method) 
(3 determinations) 

The data agree within the e:xperimen tt,l error. 1Ye believe 

v;i th i.'.iaclt c:.nd S1;van thDt n the differences among the various 

results are due as much to different degrees of purity of 

the samples with which the determinations were ra..s,de:,, ~-s to 

the methods of determination themselves.rt The second sE:mple 

of naphthalene· was a portion of the first which had been re-

crystallized from alcohol cmd then sublimed three times. 

The increase in purity of the sarr;ple vms 1112..de evident by 

the rise of the vapor J)ressure to .. 172 then to .. 1?6,. which 

was found, also, by ~liaclt £end Swan, after this further puri-

fication .. We feel this is smple proof of the correctness of 

the calibration of the Ui;)pt~ratus. A sEriiple co.lculation is 

given below e,~rploying Langmuirt s equation.. At 30 degrees 

Centigrade .0525 grams of naphthe.lene effused in 8001 seconds 

-4 through a..n orifice of 3.03 x 10 sq. cm.. cross-sect.ion are1:1,. 
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Substituting these values in th€ Langmuir equation vii th R 

expressed in ergs, 2.nd then converting to mm. of' mercury by 

dividing by the accelere.tion due to grLvi ty in dynes e:nd the 

density of mercury, the vapo1' pressure of nc:ph thnlene is cal-

culated to be .178. A generc:1 ecrue.tion derived from the 

above to fa.ci.li tate calculation is PS follor:s: 

p = G -rt;~ 5,463) 
- m.m. At M 

·The vapor pressures of three coiHpounds were determined 

using the apparatus just, d.escribed. The first of these com

pounds was picric acid. C~p. picric- iicid, contcdning ten 

percent water was used &s starting m&terial. It was purified 

by distilling twice with toluene, then precipitating from hot. 

ether and dry·ing in an oven. It was then kept in a highly 

evacuated desiccator ov·er sulphuric acid for seYere.1 hours • 

. tlso to test for complete freedom frorn. water, it was put 

under high vacuum in the effusion chamber of the ecpparatus 

for two or three hours, mean:~vhile the ch2.mber being cut off 

from the vacuum pumps. The trap v;ras checked co.refully to see 

if any water or other very volo.tile material had come over. 

None he.d as far ss it was possible to determine. 1Ae feel 

certain, therefore, that the sample i'.i&S pure, being particu-

l&rly·free from water. 

In expe1·iments using thymol, the Ec.stmc1n C.P. reagent 

material was recrystallized three times e::-;.ch from benzene, 

alcohol, and ether; dried in .sn oven and then put under Vc'>.cu-

um for some time.. l'lhen we virere sure that no volatile impurities 
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remained,, the. thymol was then doubly sublimed. It melted 

sharply at 51 degraes Centigrade. 

The va.por pressure of nrphthr:tlene picrate was next deter:.. 

• a D o· C D .• ~ ' ++i ~-mine .• r. ·• • ermer ·was K1.na enougn to prepare ..,,.1 s 1"or 

us. 'I'b.is was done by dissolving mole for mole of n.2phtiw.lene 

and picric acid, 1t;i th a slight excess of' picric acid, in 

alcohol.. This was then cryst:;llized from hot r:.leohol and 

dried. 

The data of the various experiments, together with the 

pressures calculated from thern, are given in Table 1. EBch 

set of data represents an average of tv.;-o or more detormina-

tions that did not differ by more than two percent. 
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Table 1 

Com.pound Box No. Grams Time Press. T mm. emp'" 
Lost Seconds Cttlc •. C .. 

Naoh thalene 
· {First method 

of purification) 1 .0870 14543 .• 165 30 

Nr,phthalene· 
(Second method 
of purificntion) 1 .05['.5 8001 .176 30 

Thytnol 1 .Ol4L\ 15167 .o ;;2-40 :25 

Thym.ol ,..,;, 
.0103 <1056 Q<"'"8 25 ..., . (;_:{:,--

Thymol l .0108 6429 .041? c.O 

Thymol 1 ;.0301 9914 .0759 35 

Thymol 1 .064-0 13071 .. 124 40 

Picric Acid ..., 
r., .0004 lf800 .000602 f:5 

P:lcric Acid 3 .0013 11604 .000850 30 

Picric Acid 2 .0006 10189 .00119 3G 

Picric Acid :2 .0011 12272 .00172 40 

Naph tha.lene 
Picrate 2 .0035 2t607 .00219 25 

n n l • 00 28 15901 .0088'7 zo 
!I ff 1 .0059 23044 .00414 35 

It " 9 .., .,0045 13114 .. 00519 40 

Data on Holes in l1ffusion Boxes 

No .. Diameter .Ares 
!I.!Ii.1. Sq. Cm. 

l .1981 3.03 X 10-4 

2 .2056 3.08 X 10-4 

3 .3830 8.19 X 10-4 
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RESULTS 

1!lhen the logarithm of vapor pressure to the base ten is 

plotted against the reciprocal of temperature, good straight 

lines are found for thymol and picric acid as srwwn in Gre.ph 

1. By a 1Nell-known application of the Cleusius-Clapeyron 

equation the heat of vaporization may be foim.d by multijly-

ing the slope of the line by-2 •. 303 R 11v't1ere R is the gas con-

· stant in calories. The emoiricc:i.l eauntions cmd the molar .. -
heats of vaporization for these substances a.re given in Tabl.e 

2. 'rhe e.ccura.cy of the data does not justify an attempt to 

employ the more accurate equB_tion of Kirchof·f. 

Table 2 

Heats of Vaporization 

log p(mm,.) = -4,435/T + 13.26 

Picric Acid log p(m.,~:.) = -2,705/T + 5.858 

hlolar hee-t 
20,295 

12,381 

It is apparent tha.t the curve for nr~phthalene plcr&te is 

not a strEdght line as it should be if it behr,ves as do the 

other two substances .. It has been found by various workers 

that com.pou.."1.ds of this type commonly dissociate in the neigh-

borhood of room te1:.1pe.ra.ture, and this may account for the a.b

norr.i.ality. Our cc.lculations t:erc ru.ude using the theoretical 

molecular weight of nuph thalene pic:ra te 357. 2. If, however 

dissociation occurs the statistical mean molecular weight, 

which is lower, should have been used. Moreover, since 
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dissocir..tion is commonly more extensive the higher the tem

perature, this meGn molecular weight 1rnuld deerectse progress

ively as the temperature rises. If this correction cotlld be 

m&de, the calculations would le2,d to higher vE<.por pressures 

than those which we fou.i.'1-d rmd the discrepancies would be 

gres.te:r the higher the temperature; that is, the lower 1/T. 

It seems reasonable to assume that, if correct mean moleculr\.r 

weights were ns1:1d, a straight line would be fm.:t.."'1.d for this 

substance as for the others. The course of our curve, then.,, 

is just what would be expected if dissoci.:ition does occur. 

No data are to be found in the literature upon the degree of 

dissoci.ation of na.pht.11.elene picrate vri thin the tem.:perature 

range here covered, neither is there fany method imov.n by 

means of which it ca.n be calculated using data such as ours, 

so far as -vrn hstve been able to discover. 

In Graph 2 we give, for comparison, the curves as cal

culated by u.s for naphth&lene picrate (1,.), and for picric 

acid (C), as well as the vapor pressure for naphth,:.lene using 

the data from Lang et s Handbook (25). .If dissoci.'.:ition were 

complete the ordinates (ii.) should be about one-half the sum 

of those of (B) and (c). In other words, the vapor pressures 

of na.phthf1.lene picrate should. be about one-half the sum of 

the vapor pressures of the decomposition products if pure. 

Calcul&tlon shmr:rs that they are actually not rnore than &,bout 

five percent of that sum. From this it may be concluded that 

this substance is only slightly dissociated between 25 &nd 40 

degrees. 





DISCUSSION iJ'JD CONCLUSIONS 

'I'he time spent in developing the ;:nethod, and in con

structing and c&.libre.ting the. apparatus prevented us from 

studying E.s many compounds 8.S we desired .. 
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l'!e feel tlu: t our ::1.odifica tion of' the 2,~TpcTE tus is equal

ly as good c•.s that used by Mack and Swen .s:nd thE.t it offers 

a further advantage in that it i'acili tc tcs the removal of 

the effusion box i."li thout disturbing the block which closes 

the app&r& tus.. No reason v,ras found to suspect thb t any ma-

terial condensed at rmy point :Ln the effusion ch&mber. 

Within reasonable limits, the vapor p:r-essure of the 

substflnce effusing under the conditions r,s outlined in t."le 

experiment is independent of the area of the effusion hole. 

'rl'1is w2-s demonstr£.ted by using three boxes with effusion 

holes varying from 3"03 to 8.19 x 10-4 sq. cm. in erea. As 

shovm in Table 1, the vapor pressure of thymol, c2.lculated 

from dc.=.ta obtained using box two differed by .OOOf ;nm. of 

mercury from that calculated from datL using box one. The 

area of the hole in the second. box vms 2 .. 7 times as great 

as thc:;.t in the first box. 

Several sources of error are Epp&.rent in our experi

ments. The chief one probably \:as in v.0eighing the effusion 

box by which the amount of mnteria.l lost by effusion was de

termined. \'\Jhen only a few milligre.11s of me:, teric::l wf,_s lost 

in three hours out of a box weighing thirty grams a large 

relative error would be expected. This error may be 
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estimHted from the expE'Jriments w:lth ni::.phthe.lene. 'Ihe results 

of' the li tere.ture, using the first method of puri:ficz.tion, c;.s 

estL:rrs. ted. by MtlCk end 8'.r&n, agree -within two percent. Our 

value easily .falls within this limit. Equs.lly good ;:;greemert 

is found using naphthalene purified by the second method. 

believe then, that our results can be considered accurs. te ,;ri th ... 

in two _percent. 

S.ince organic crystc:.ls possess "' low heat conductivity 

the temperature of the cryste;ls, p·e.rticul::Jrly et their sur-

faces, might be in c,uestion but since one hour was &llovsed 

for the crystals to come to te1rr:,,er& ture we feel this is of 

little consequence. The exterrw.l pressures ,rcere lrept very 

thot the the Knudsen eq_uation is ti negligible fr,c-

tor. Since the actual time of each determin2tion wzs usur,lly 

i;.:',. few thouss.nd seconds, the erro1~ introduced D.t the beginning 

of the experiment by the time required to a ttein a. good vo.cu-

urn 1u&s considerEcbly less tl.1gn one percent. 

·rhe .,:~nudsen method which we have Just given in detEtil is 

applicable in many fields where vapor pressure d.Dta on solids 

and liquids of low volatility is neede6. Since there is noth-

ing particule.rly critical in the design of the &pparatus it 

prPsents no difficulty in its construction. 

Perhups the gresttest criticism of the B.ppe.ratu:;, ,::.nd 

YrlEithocl is thht the effusion box mu.st be reL1oved from the ef-

fusion chEJrrber e<'ich time &. weighing is to be mDde. 'rhi s 

taices time and introduces a chance for error. A grec, t im-

provemen t in the appare.tus vmuld. be some type of balance 
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which would enhble one to n.rncsure the loss in weight dtrect

ly st 2;ny time :interval. Plotting the loss in v.ceight agtcin:c~t 

the time in seconds, vmuld give a strc:dght line, the slope of 

wtdch would be the G/t of Lc::mgmuir 1 s equEtion. One run of 

six or seven hours vmuld give results more eccure.te th2n four 

or five individual runs .as carried out E:t p:cese:nt. The con-

struction of a very light effuston rJox vJ1ich could be seeled 

hermetically presented one of our most difficult problems • 

.Alum.inrnn 'r!E<S found uns.:ltisfactory because of its porosity. 

Glass was out of the question since the box needed to be 

opened and closed vd thout changing the size of' the effusion 

hole. Other factors, pEtrticularly cD.pillarlty, 1:vould make 

gl;;: ss u11.desira ble,. 

feel thH t with more refine.ment of the &pper& tus much 

can be done in vapor pressure st1Jdies of' subsU,nces of' lov~· 

vols.tili ty. 
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SU:\IMARY 

The Knudsen method as used by t!Iack end Srr?a:n, for me2-

suring very small vapor pressures, has berm further ';l10di:fiis,d 

to faclli te.te such determineti.ons. 

Using our apparatus, the vapor pressures of m::ph th&lene,. 

a.s found by· us, agreed closely 1Jd.th the values g:iYen in thc"3 

literature .. 

Vapor pressure studies V\iere mBde on thymol E:·nd pi.cric 

acid. The empirical equations for the relationship bet,;.een 

heats of vaporize.ti.on calculated i'ro:m the slope of their curves. 

A. stud;y on the vapor pressure of :n,.:;ph thalene picr.s.te was 

madf:) at four different temperatures. An Ettempt ·was made to 

establish the fact thgt the degree of dissociEtion of the com

pound in the. temperature ranc;e sti1.died is smEll. The, exEct 

degree of dissociation could not be calculated from our data. 
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