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CHAPTE,R Ol!tE 

Stat~ment .at t}l' ProbtEtm 

fhe purpose of :this investigation was to det~rmlne 

the aeut·erium oxide content of various- samples o~ 1fate·r 

by a precise and .senaitive method based upon the compressi

bility of: wate,r,. Th~se saniples •~.re gathered from as many 

diff.ere.nt locations as we+e deemed necessary. 

1 



CIUPTIR 110 

Theory 

2 

It 1a a well known tact that a g1t'ttn we1gbt of wate.r· 

will occupy one •olume at a certain temperature and. prea1ure 

but a different YOl\.We if either the teeperature or the 

preaaure 1a cbange<l. If the temperature 11 ra1ae:d.. the 

YOlUJne -oeeupled by the water 18 n;acle greate.r. If the pree

aure 1e 1ncreaeec1, tbe Yolu::e 11 cleereaaed.. Thla eet of 

conditions form the ba·e1e !oz. th1e. theela. 

81nee 1t 1a a fairly a1n:ple th1ng to aaaemble a 

therm·oetat •b1eh •111 control the temperature to withln one 

one-thousandth of one degree Cent 1grade and also fa1rl:r 

atmple to accurately u:eaaure the prea:aure exerte.d. on the 

&a:E:)'le., tb1a was 4one in preference to uan~ any other 

methods. 

By r;:urify1ag all of the 88J:7l'lea to :practically the a·a::ae 

d.eg.ree of J:UrUy and deterrr.1n1ng the pne.wre necessary to 

ke·ey the float conatant a"l a selected te:z:y:erature, one ia 

abl~ to calculate the d.1ftereneea 1.n the dena1t tee of the 

Yar1oua aamplt-a of •ater .. 

By thua !ind1Dg tlleae d.l!tere!lees 1n the d.en.s it 1ea of 

the suplee a·nci essu::atng that they were due to the varytng 



concentrations of deuterium oxide in the waters, one can 

calculate the concentration of the ,g:euterium oxide in mol 

f'raotions f·roru the equation ~ e = 0.1079 x..-1 1n whichA s is 

the difference in density and ~ is the concentration, 1n 

mol f'ractions. <>f the d~l1~eriUlJJ oxlde. 

3 

1 ~nie.ls, Matthews .and V(illlam$. Experimental. Phxsieal 
Ohemistt:t• Se.oond Edition~ t.tcGraw-Hitl Bo()k Company. 267 



CHAPTER THREE 

Apparatus and. Procedure-

!he most ilnporta:nt procedure that had to be gone 

through was that of getting the samples of water purified 

and ln the pr.opE!r condition for accurate mea&uremente to 

be taken. For this purification thre.e types of stills were 

used. All of these stills were constructed ent 1Tely of 

pyrex glass and pyrex ground glass stoppers. Pyrex ground .. 
gla.ss joints were used th:ro\lghout. 

The first still (see page 6) was just an ordinary 

still D"t.a.de by my.self. All of the samples were run through 

this still twice. The first run was just a crude distil

lation to remove any salts that were dissolved in the water. 

The second time, some ICHB04: was added as a purifying age.nt 

and. the >water redistilled. From t ,h.is diet illati-on was 

collected only tbe mi¢<ile port ion of the diet illate. 

The second still (s.ee page 7) was a1.so an ordinary 

·still. D!n0
4 

was used as a purifying agent in this still. 

Here._, as befor~. both the· first and last portions of the 

dist illat.e were rejected. 

The third still (see page B) was a. very uneommon still. 

In :fact, it doi!UI not even resemble a still. tor the pUrifi.-



cation of 'lrater. However, it is a very efficient piece of 

apparatus. {As a matt~r -ot interest, the conductivity of 

all of the SBlnples was· measured a:tter being run through 

this still and in a~l cases was found to be very close to 

the value 3. 8 :x 10-.6 mhos.) It is far fat:tter than either 

5 

of the other stills employed and. the water. afte-r passing 

through this et 111, is purified far more than the other 

stills could possibly do. This unus.ua.l still was the oulmi

.nation of various original and. unoriginal ideas taken fran 

di:!ferent people and places at odd moments and finally all 

amalgamated. The water to be pur1:!1ed was placed in flask A 

and heat was applied. Upon part 1al oondensat ion of the 

vapor in trap O, the m.inut-e, ent·rained particles wh1cb. had. 

·been carried over f-rom A in the vapor, were carried down 

into the trap. The remainder of the vapor, which compris-ed 

the greater amount, then passed up1rards through the Vigreu.x 

column. Through the action o:f the Vigreux column the n.por 

was partially. fraot ionated and the higher boiling part con

densed and run back into ·the trap. When this ·trap became 

about half full. it was drained by opening the ·atop-cock in 

the bot.tcm. This water was then rejected. After passing 

t.hrough the V1greux column the vap()r wa& split into two 

parts. The lesser and more volatile part escaped. through 

vent E at the top or the column. This constituted a very 

small portion 'Of the total vapor. The remainder of the 

vapor then condensed and was collected in flask G.. This •as 
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!he J'irst Still 

E 

A 2 liter d.ist.illing flask 
B Ground glass stoppel' 
C Ground glass connection 
D Water cooled condenser 
E Bunsen burner 
F Collecting flask 

6 



The 'Second Still 

A 2 1 iter dtstll.ling flask 
B Ground. glass t;~topper 
C Ground glass eonne~:rtlon 
D Water cooled spiral condenser 
E Etlll.EI.en burner 
F Collecti()n flask 

7 
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The Third Still 

A 2 liter dist.i111ng flask 
B Ground glass stopper 

F 

C Trap for non - volatile impurities 
D Vigreux fract·tonating e.o-lumn 
E Open vent for volat.ile ln;purit 1es 
F High pressure water cooled condenser 
G Collecting flask 
B Stop cock drain for trap 
I Bunsen burner 
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the }'ur11'1ed water. 

The water, at'ter having been diet illed in the above 

manner in order to be as pure as pose ible, was then boiled. 

under vacuum until. the volume that had been taken tor that 

purpose had been decreased by o~third. This step was to 

remove any disaolved air that .might be pre·sent and also to 

make sure. that there were no more traces of volatile im--

purities p:resent. Immediately after tb1s boiling the sample 

was placed in the sample bUlb. 

Tbe sample bulb (see page 12) was made :from a 16 1nln 

pyrex glass test tube. Inside th.is t.ube was placed a 

pyrex· glass float of about 0.05 cc in volume. Then a length 

of 7 mm pyrex glass t.ub1ng was sealed on t·o the -open end of 

the tu.be a,nd. bent per figure .. 

In order to :till the sample bulb with the w~ter sample 

to be used., the following technique was employed (see page 

13). The sample was placed in a 200 cc distilling flask, 

t·he s·ide arzn of which 1'!88 connected to a suet ion pUlllP and 

the bUlb of whieb was connected per figure. At the sen:e 

t 1me, a little beat was gently applied to the bulb and the 

suction was turned on. Upon the withd:rawal of the beat 

from the bulb the water slowly began to creep up the tube 

into the bulb. The speed with which the bulb filled was 
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accelel'e:ted by applying the heat to the water ln the !leak 

e.nci also by slowly turntrig off the suct·lon. ·Ex.t .ret:;e cere 

bad to be ta):en during this filling so th~t t .he sall.ple tult 

woUld not breai:. Mter the bulb •8s fill~d, about 3 ee of 

puze mercury •as placed in the tube to prevent eont.IUl!inat 1cn 

end also to keep oxy-gen "from dissolving in ~be water aamrle. 

In order to empty the sample bulb a ~slightly d1!f'crent 

.teohniq~e was employed. (see page 14) The full bulb was 

conne.cted to e. 126 cc dist ill"ing flask per figure and tt.e 

side arm of the flask led to a suet ion pump. 'rile suet Jon 

was then applied, heat gently applted to tne ser:.ple bult, 

and the water gently bC)iled. out. of the bulb. 

!bis sJUilple bulb was :then placed in a the-moa~at (eee 

page 15.) consisting q:f a one-ge;llon, wide n:outb, tfnsilvert!d 

pYMX glass vacuum. bottle :ma.de by the. T~er~tos Bot.tle Com-

pan.y. This thermostat wa-s filled with orice d1stlll~d • .ate-to. 

the. reae~n for using distilled water was· that th-e eid.es ot 

the thermostat would not beco~r.e encrusted "itn tJ layer of 

salt deposit as a .result -of -e-vapo.rat ion and so u;eke the 

~aking of accurate readings diffieul t if not ~ossible. 
In this thermostat was ~ thermoregulator .roade by mys~lf 

· bi"""' 1'n1s tter~;cr-
1'roDt 10 feet of: 10 mm p~yrex glass "-~ •.oo• 

regtJlator ·was be·nt in the f'orm of a horseshoe (fro!%. tcp 
h bottom of tbe 

vie1rl and extended t.rom the top to t e · · · 

! 

l 

lJ 
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thermostat. The reason for this peculier sn· ap·e ~ t"' t w~· e ,~ll 

11 

the thermoregulator would be alr::oet -col!:plet ely surrounO.lng 

the ·wat,er sample and thus render r.:ore accurate temr~rnture 

control.. The thermoregulator was filled with Toluene end 

a mercury contact was n:ade in the .st ro ight tube where tt.e 

connections 1rere pleeed. One of these connect lona ~·ns a 

pl·atinunt wire sealed into the tube where it was alv:E!ys in 

contact wit.h the mercury. The other contaQt w-as £: n;~Jk&

shift art·air that was very successful. It Y!e s COll:f-Osed of 

an inch of platinum yrire soldered t-c· an old t .nerl!.oret:;iulator 

top_. Coppe.r wires were then soldered to botn of these con

tacts and thenr:e hooked up properlr· This t nen;;ore!:f.uletor 

was. very go-od for the pux-pose, but ?i<hen it was conpecteQ 

to a :relay, it was found that the n,~ke ~n<i b-r.eak cf ti~e 

'Platinum-.rnercury cont;;lct caused a. spark to pass, t~-.u s oxi

dizing the mercury a nd n;aking neceese.ry a constant e n E r.g1.ng 

of the regul.tttor. To eliminate thi~ S011rce of error Lr con

denser "Pas ~r.ade from two aluminum plates imr .. e:rsec. in a con

centrated solution of pure Castile soap. r :ne cond-er.ser was 

th.en comple~ely covered by placing. it in a 250 cc beaker 

end pouring hot paraffin over it- and ell-owing it to cool. 

Thus equipped, the therrooregUla.tor :r.ainteined. the teq:er:e..

ture in the therwostat at a constant value of J:·lus or r-inus 

less t.han one ,one-thou~andth of one degree Centigrade. 

For a heating element a 25 Watt, General Electric • 
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Sample .Bulb 
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B ! I 
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A Pyrex glees float 
B 6ample bl.llb f¢r water 
c JLercury se.al 
D Tube lea.dirig to pressure ~olurtn 
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:Appe.Tatus· for Filling the. Se.mple Bulb 

B 
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. A. .:Pyrex glass float 
B f)aznple bulb for water 
c 200 -cc distilling: flask 
D Water E?ample to b.e 1.1sed: 
E Side arm to vacuum ·PumP 
F l3unse,n burner 
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Apparatus for Emptying the S~pl.e BU.lb 

---- ....:... 

·- ....; 
. -

.. 
~ .. 

A. Pyrex glass fl.oat 
B SaJ;r~ple bulb w.i.th water 
C 125 ce distilling flask 
D Bunse-n burner 
E: Side''arm t .D vaoqt.Un ptimp 
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Thermostat 

A Thermostat: filled wi~il water 
:a toluene filled. part. of 

. therinoi'~gtilater 
C Q'pper Platlnum - }4ercury ~()Iita9t 
D !,ower Plattnum - ~ercury contact 
E Jiercury fil..led part :of 

thermoregulator 

15 
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tubular, show case l:ight globe we a used.. To regul~.te tue 

heat give.n off by this g·lobe a bank c-f lt.:m:ps -~rrangea in 8 

series and ~angi'ng from 10 to 100 watts .in power was u$ea. 

(see page 17) 

An ordimary electrically driven at irrer w ltn rheostat 

control was used to keep the water in the thern.o&tat in 

constant e.gitat ion. 

For the relay that was most satisfactory a CE17CC super 

sensitive dry cell relay me.cl.e by the Central Scientific 

Company was used. As its ne:r:•e inrplies it is orerated on 

dry cel.l.s, two of the cells being used in this inetence. 

In order t'o exert p:resi:)ure on the seniple in the t.ul'b 

an open air .ma·nometer ha"lf filled with mercury wee u:ede. 

Whenever -pressure was to be exe-rted. upon the sr. 1.:ple·, sn 

oxygen tank was connected to the· r..anotr:et·er. and tne I res

sure f"rom it used to :rai-se the rr.ercury;. T.nis was one cf 

the reasons lead·ing to the plscing ·of tn.e r:,ercury seal in 

the ·bend of the tube leading t.o the stu.ple of y;a~er. The 

seal ·kept the oxygen from dissolving in the sat•.ple cnci. 

thus J.eading to erroneo~-s l'esult s. All of the connect ior.:.s 

in the part of the system were of pyrex glass e.na black 

rubber pressure tubing.. All rubber-glass joints were 

wired together. Tbe maximum p:ressuxe that could be ettf:inea 
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Zlectr1eai .D1a:Srar.1 of Set Up 

.__-I~ ·I·J '1 

B 

A cENCO super sel)sitiv·e relay 
B 2 dry ce1.ls 
C Ca~ttlle so~p condent:ser . . t 
D Upper Platinum - }l~:r~ury contact l 
E LOw~r Platinum - .L!ercJ.t;ry cont.act ,. 
F 14ei"ctuy .. !i·11ed part 6f . ~her!!.oreguletor 
G Electric light ·globe heater 1 
li Electrica1:J.Y driven stirrer 

1 

I Reostat i 
J Tner~r.oatat I 
R Light gl.obe resistances 
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was 2-,700 mm of mercury over atmospheric pressure. 

In order to read the approxi.mat.e temperature in the. 

thermostat, .an alcohol filled thennometer of rang-e -Eo0 c to 

-50°0 wa,s used. 

In order to read the exact t.emp er.ature. e. Becku:s nn 
t.hennon:eter set at approximately 22.50 Centigrade t:as used. 

It was read with a Jta.gnifying eyepiece to facilitate the 

accurate reading of. the temperature. 

In o:r(ter to determine the rest .point of the float .in 

t .he sample bulb a cathetorneter was used. 

The ptoc~dure !Qr getting readings was as f ·ollov:s: 

The SBIJ;ple of water was pla.ced in th.e sample bulb. The 

sa~ple bulb wa13. ple·eeci in the therm~&tat ano. connected to 

tne ma~~meter. The sample bulb was allowed. t .o remr. in in 

the tllerrnost.e.t for eight hours before any atte!iipt to .cbte.in 

a. re~:~.ding was rtade. Tl;l;is was in order to m.ake su:te that tre 

Bat'!ple and the thermostat wete at exe.c111Y the sa.r.te ten!pere.

ture end also to make sure that the temper.e.tul'e cf the 

sa:.npl.~ was tbe satr.e throughout. After thus mekirig sure that 

the temperature was known exactly, pressure was e!:,plied tin

til the flos.t in the sample bulb rose :to the top of the 

bulb. Then this p.ressure was slowly released until the 

rl 
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float be.gan to -slowly sink towar<is t.11e "botto::; of tne t;urb. 

From tbis point on the. o-bservations were . ~ede wit;l the 

eathetomete~. It is easy enough to observe tne tioc.-t w.~en 

it rises or falls rapidly, but when it is in tne n:i<ia~e of 

tne bulb and is arriving soi:Jewhere near to the roint e.t 

which it wlll neither rise nor sinlc in the weter:, lt become& 

very difficu.lt to observe any n:oveir.ent at Ell uurln:S e reri

od of lese than te-n minute.a. If, at thi6 _point. tt:.e cethe

tolt_e.ter is focused on the float. its slightest move1;.cnt t&-

comea ve;fy evident. When the float .:as at le.st brour3'nt to 

such a. posi:t·ion, by mea,ns of regulating the prest:;ure, that 

it neither rose nor sank. a :re~Ciing 1'1as tf!ken. "l'he .cF.the

tometer was left :focused upon the float for at leest en 

nour, a.nd if at the end of tha.t tir:r.e the floAt r.es .still et 

the same point, tne re~ciing was then r-ecorded. It ,..~ s 

especielly easy fo focus the cathetcr:>eter on the flea~ e.r.d 

leave it for an hour and then co,,.e 'back to see if t~•e float 

were st~ll. in the san:e position, because tue catnetor..eter 

that. was used had two norizont.al cross hairs •- one of whicn 

wa.s movable. Therefore, when a reeding .-rs to b _e teken, 

· · t tal· ·l ena·· of. th. e. fleat the cross hairs were focuseo. upon .ae 

and. thus one was: enabled to instantly detect ~ rise or fall 

of approximately l rr.m. Thus being ebl,e to stabl ilize the 

float rith such a degree of· accuracy, bei~ able to control 

the ter::pe.rature o:f the thermostat to wit tl in one one-

r- . 
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thoti.sandth of one deg-ree .Centigrade. and being able to read. 

the pressure exerted u:pon: the sample by ~he me:;roU.ry colmnn 

-and. by the atmosphere to within 1 nun, the results obt-ained 

.Sh.ollld lll()l>t certainly be reliable. 
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CHAPTER "fOUR 

U.ateX>iala 

The variou"B samples of wate-r u.sed were obte ined. from 

the foll-owing sources: 

Bad. later Pools in Death Valley 
Salt Poqls in Death Vall.ey 
Th~ American Potash ami Chemical Corporatio-n 
The Gr~at w:e·ste:rn Electro-Cne:-u1ca1 Con;pany 
San rranc~isco Bay 

21 

When water evaporates over a long period of t iv:e, the 

! concentration of deuterium o:x"ide is increased. Tuat is, 
I 

jl 1;he light wat.er· evaporates more readily than the heavy 
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water. · Tllerefore one would expect greater cpncentrat ion. of 

deuterlurn oxide ill wa1;er subject to mueh evaporation than 

in water not so subjected. 

Bad Yater Pools in Death Vall:ey; Califor-nia: 

This water was obts ined in April, 1936. ()wing to the 

extreme rate of evaporation one would expect that this 

?tilter wou1d be quite heavy as a result of tile concentx-atio.n 

of. the deuterium oxide. However • t here is evidently a. :fresh 

1'!ater supply leading into these pools be.cause t hey are riot 

very c()ncentrated. in d~ssolveci. salts as is t .b.e water from 

the Salt Poole. 

Salt Pools in Death Vall.ey, California: 

Th.is 1Ulter was obtained in .Ap-ril, 1~36. Here one r.ould 

I 
I 

I 
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definitely expect to fii'id the water heavier then that in 

St.ockton because o£ the very. rapid rate of evaporation. 

l'.he large concentration of di:ssol.ved salts 1.n t ·he water 

indicates that m:ore evaporation has taken place tha.n in 

the Bad water. 

fhe American Potash and Cbeli~ical Corporation e.t Trona. 

California: 

This water was obtained in April. 1935, fron; one of 

the Company·• s old boi.lere. Since they very rarely ara1n 

t -b-eir boilers. this water is the residue left frcJC. the long 

distillation of large quantities of water. For t:his reason 

one would. expect to find it heavier than the Stockton weter. 

The Great Western Electro-Chei.:liCal COD!peny s .t rittsture;. 

California: 

There were two sa.zriples of water from this place. rr.e 

first san;ple cazr:e from one of the eiec.trolyt.ic cells in 

wb.ich hydrogen and chlorine are constantly b.e ing 1 ibe.ratea.. 

Since this saJ:nple cam~ from an old electroiyt ic ce.ll • one 

would expect to find a h,eavier water thart Stockton ?rater. 

This concern t.lSes t·he chlorine. that they generate but ht! 8 

no use for the hydroge·n. Therefore they burn it l.n ail:'· 

The second se.n1ple is some of this synthetic yrater th~t they 

have thus made. One would expect to find it quite a bit 

llghtex than the cell liquor. 
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San FrarieiSe.o Bay ne.ar .the ~n Mateo Bridge: 

Tht $ 1rater 1tas obtained in .April, 1935. One would 

expect it to be a little l;lit heavier tnan the st:ockton 

water but not very much.. 

Stockton water from Coliege Of the Pacific' Stockton, 

Oal:if'ornia: 

23 

This water comes from wells at a. depth of 310 feet9 

Cpe wo~ld n.o.t ex-p~ot this water· to be very heavy for there 

is very little, if any, evaporation taking place. 
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CHAPTER FIVE 

Calculations 

'the differ.ent concf:'iltratiqna of deuterium o.xide in the 

various samples were merely relative, for this method d.oes 

not ~I).able one to find the ~;bSolute dens·i ty ·Of a water 

sample but enables on~ to find the density of any sample of 

water ·relative to a standard sawple ~ In this thesis the 

synthetic water from the Greet Western Electro-Chemical 

Company was used as the standard. The reason for tb,.is is 

that it was found to be the lightest water of all that was 

used, or in other words, had the least an:ount of deuteriW!l 

oxide present. The concentration o! deuterium oxide is 

dete.:tmined by caleulat .ion frol'Si the relstive densities of 

the 'f!.a .. ter sarr.ples: measured by the method P.reviously des

cribed (Chapter Three). 

It i& easy to convert a change in t.empel."ature into a 

change· in densit,y by direct subst.itut ion in a formula that 

will be de:ri~ed later on in this paper. However' it is a 

slightly different matt.er to ha.ve tc, convert a cha.nge in 

pressure into a .change in density. A pul.'e sarnple of water 

was placed in tbe saLlple bu~b and the tempera:t ure and pres

sure· ne¢es&ary to keep the float at one point in the middle 

f th · t e was rai.sed 
0 · · · e bulb were recorded. Then the tempera ur 

0.02 deg:r.ees Centigrade. The pressure he.d to be ·increased 
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also in or4er to 1teep the float in the sa.t::e posit· ion .. 

series of readings were obtained. (-see T~ble I) ano. grepheu 

{$ee b~low). This .graph represents the change in presGure 

necessary to keep the density of t.he water the sar.;e as it 

?tas originally before the temperature was changed. 

·T - temperature· on Be.cknrann thermorneter .. 

dT - change in ten:rera:ture. 

dt = dlfferenc.e in tem:t::erature at which different 
samples were n1ea sure d. 

dp ::: eha.'nge in pressure. 

T 

lt;U! 
/.j,. 
bt. 

l.f/IW 

l.ot# 
/.tl<fl , __ 

... .,. dJ; 
O.lf'• 

,._ ,.. • ,, "'" mlil ~ 61.1 ifH ~n~ ~" "~ ii.D6·7 
..p· 

Fo·r all of the. water san;ples tile saH,e type of gxapil 

was obtained. Since they were all straight lines Df equal 

slope, t.he equat ion, 
T==kp+b (Type eq\l!'!tlon of a, straight .line). 

:can be applied.. From the experimental data k and b can be 

obtained. The slope of the l.ine ( ~f ) 1s, of course, k. 

"If the coordinates al"e so chosen that b = 0 .for the stenci.crd 
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water ~a.n;pl~; then for any other sarnr;le 

b = d,t .• 

In the etendard sample: 

T~- · kp-t-0 

While in the unkno?!n sar1;ples.: 

T ~- · kp + dt 

Dif:fexentiating ?rith :respect to T: 

·1 & k. .dn ~ .sli_ . . · QTTQ:T 

dT = k•dp + cit 

dt :::: d!- k ·•dp 

26 

.Then. the increase in voiunre (dV) of one o.c of water 

1\"hen the t -emperature is 1ncree sed dt degrees must be f 'ounci.o. 

1'o find. thi:S, the cubi¢al expans io!l equation for: iiqui.ds1 

?tfia employed. This equat icn and. the cor:responCi ing velues 

cf'!4-J fJ ·a.nd Y fo:r water are: 

V = V0 (l.,.411.t <+~t2+rt3) 
. -~ ·.(;'(· ~ -o. Q64~ x .1o ..., 

-6 Q:: -t9 . S05 X lC ·. 

--e t:,. +6.790 X 10 · 

For water the equatJ:an then beo·or..es: 

v = vo(l~ .. oooc643t + .ooccoseCiet2f'· •. oocooooa7st3) 
Differentiating the genera1 equation wtth respect to t: 

dV = V0{et+2ft + 3rt2) dt 

lHand.book of cheraistry .and Physics , :?.Cth edit ion. pp. 1201, 
).20Q. C,Pe:c•ical Fhbber Compe.ny., 19;55'. 
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If V0 = 1 

dV = (4+2Pt + 3rt2) dt 

but 

d.t = dT - k·dp 

Subst itut].ng 

dV ::. ( «+ 211 t 4- 3 t't2) .. (dT - k·dp} 

For 23.500 t.he equation then becoa;es, for wE1.ter 

d.V -= [<-. 0000643) + {2) ( .OOOC0€505)(23. 5) + 
(3) ( .. OOOOOC0679) (.23.5) 2J·{dT-k·dp) 

Com.bining 

dV .:: • 00044 7928325 (dT - k ~· d.p) 

27 

Since k is· ~ • it was calculated fron• Table I. v:'llich 

was obtained by taking a pure semple of water and 

-varying bOth the temperature a.nd pressure and obte,ip

ing res,diDgs. 

TABLE I 

Trial T p dT dp dT or 
dp . k Mean~ or k dp 

1 

2 

3 

4 

5 

1.040 1262.3] 
.. 020 92 .00021744 

1.060 1~54.3} .. 020 112 .00017848 
1.080 1466.3 

.020 108· .00018518 
1.100 1574.3) 

.020 98 .00020408 
1.120 1672.3 

.000196295 

Substituting for the k 

dV ~ .000447928 (.dT - .000196295 d.p) 

After thus obts ining the ve.lue for dV, the <iiffe:rence 

.in the densities (d\>.) of eacn of the unknown water 
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samples- e,nd the standard wat~r ~Jem:ple can easily be 

cal cul.at ed. 

Let e 0 be the density of the standard wf!ter 

sample. Since the results are only contparat ive with 

respect to this standard, the mass (!40 } •. the volume 

(V0 ) &ild t:he den~i~y(e0) can a~J. be set equal to 1. 

f 0·-_ :: ~:.1 ' 
Yo. 

Let e, be t.he density of the unknown water se.mple 

and lf 1 and V1 t ·h.e mass and :volume. 
D ll1 
\:I ·: Vi' 

. 1 
Where V1 is the volume of one gre.rn of the un]rnown 

~~~r a:sliltple 

e·.- L . • ~ VJ. 
Bec:a.use of taking as a sta;nd.a:rd the lightest water 

•sa.m:ple 

dV= Vo • v1 

v1 = V0 - dV 

PI - el' :: d.e 
tJ 1 

d~ · = -v - 1 
.l 

l de~ - 1 V0-dV 

.~ o._ t-votdV. 
""'\- V0 - aV . 

BUt V0 ~ -l 

de= ;t.,_l--t- dV 
· 1- dV 

dV 
d<': 'Hi 

But -, if dV is very sn1all 

df:: dV 

. __._. "------ -····-··· . 
..... ~. ---------~ .. 
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Theref.ore, for water at 23.5°0 

dP:dV = .000447928(Q.T - .0001.96295 dp) 

29 

After lul.Ving gotten this f~r, it .is a simple matter to 

ponve~ the change in density {dt>) into mol fracticns of 

deuterium oxide· (X) present in the sample from the equat.ion: 

df> =- 0.1079 X 
·e 

X= o .. ro79 
Substituting: 

or 

z -=- .. oo044Zaea c dT - • oool§1§295 g.p) . 
0.1079 

X .::: • 004151421 ( <iT - • 000196295 dp ) 

f 
I 
I 

1 
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CHAPTER SIX 

E~erimental Be-sults 

the following data were obtained with the the:rruo

l'egulator set at a t ixed temperature and the pressure 

varied. As will be noted, t ·he tempe.re.tures are not exactly 

the same in all of the tabl:es, but thia was due to a ·slight 

cha11ging in the height of the mercury column in the regu

lator d~e ~o settling and ·vibrations. However, regardless 

of the reading~ on the BeQkman tbel'ltlometer, the temperat:ure 

of the thermostat was alwa,-s constant within less t .han one 

one-thousandth of one degree Centigrade. 

l;i the folloy;rillg tables the ·temperatures are as read 

on a Beolc:mf!n therm()met.er which was set at about 22.5° 

Oent igrade. The pressures a],'e in millimeters of mercury. 

TABLE II 

Synthetic Water (Great \'!estern Elect-ro Chemical CO.) 

Sample T p Mean T ~ean p 

1 1.042 1384.0 

2 1 .• 042 1379.0 
1.042" 1381.75 

3 1.042 1384.0 

4 1.042 1380.0 
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TABLE III 

Cell Liquor (Great: Western Electro Chemical co.) 

Sample 

1 

2 

3 

4 

Sample 

l 

2 

3 

4 

Sample 

1 

2 

3 

4 

T p ¥eall T llean. p dp 

1·042 1139.0 

1.044 1136•0 

1.042 
1.0425 1135.25 +.0005 -246.5 

1.042 

f 

1.042 

1.039 

1.038 

1.041 

1132 .... 0 

1134.0 

'l'ABLE IV 

Stockton Water 

p }lean T 

1262.3 

1247.3 
1 .. 040 

12e4.a 

1266.8 

TABLE V 

Bad water (Death Valley) 

T p l.!ean 1' 

1.042 1296.5 

1.038 1276.5 
.1.040 

1.040 1285.0 

1.040 1284-.. 5 

:Uean p d'l' dp 

1260.3 ..... 002 -121.45 

llean p dT dp 

1285. 625 -. 002 -96. '1"25 
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Sample 

1 

2 

3 

4 

Sample 

1 

2 

3 

4 

. 
I Sample· 

1 

J 
.2 

!. 

3 

4 

TABLE VI 

Salt P.oQis (De.ath Valley) 

'l p Mean T 

1.04~ 1126".5. 

.1 .• 042 1121.~ 

1.041 1119.5 

1.042 1114•5 

TABLE VII 

Bolle~ Blow DO-,rll (Trona} 

T p K~an T 

1.042 1154.5 

1.042 1146.5 
1.04:1 

1.040 .1145.0 

1~040 1149.0 

TABLE VIII 

l!othe.r Liquor No. 2 (Trona) 

'1' p Uean '1' 

1.040 1167.5 

1-.040 ll69.S 
1 .. 040 

1.040 11.74.5 

1 •. 040 1172.5 

32 

llean p dp 

1121.0 .... 00025 -260.75 

l{ean p d'f dp 

! 

ICean p dT 

1171.0 - .. 002 -210.75 

"1 
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TABLE IX 

sea water (.San rranc'isco Bay) 

Sample T p Jtean T 

l 1.-040 1234.5 
1,.040 

2 .1.04-0 1235.5 

T,A;:SLE X 

:Vol Fraction& of ~:0 

Sample 

Synthetic wat.er , 

~e,ll Liquor 

s;ookt:on 

Bad wat~r 

Salt .Pools 

Boiler Blow Down 

d,T <lP 

0 0 

._,;.. 0005 ..:.246. 5 

.-.• 002 ~121~4$ 

-.002 - 96.125 

-.0002~ -260.75 

-.001 -233.0 

~othe:r Liquor No. 2 -.002 -210.75 

-.002 -146.75 

:Mean p dT 

X 

0 

c:: 
9.()670 X 10_'-'_· 

_.s:: 

7 •. ()030 x 10 ..., 

c-4 2.114f5 X 1. · 
. -4 

1. ss1e 'Jt. ~c 
-4 

l.634P X ~0 
.. X - 1.0-4 

l.l:t29 

cip 
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TABLE. XI 

llol. Fractions of ~0 i .n Incre.ae ing C:rcler 

·aan1ple 

Synthetic Water 

Bad Water 

St-ockton Water 

sea Water 

¥ot;he:r LiqU.o:r No. 2· 

Boller Blow Down 

Celi Liquo% 

Salt Pools 

o.ooo 
7.0030. x 1C""'5 

9 6 -~ .o 70 .x ~0 

1.1129 X 10._4 

1.6345 X 10-4 

1.8572 X 10-4 

2.0295 X l()-4. 

z .. ll-45 x lo-4 

l!l all pf the caleulat ions f1gur~s beyond tr.e sixth 

<leclrilal plf!ce were (1ls¢s,rded, because tne ree<iin~s ~ere ::ct 

accurate beyond that plac;:~. The t :er.:perat1Jl'e reeo.1r-t;s •ere 

only ac.curate to four decinial places. Tne pres£Ur~ recc-

ings were only aecll,rate to tnree 9:~c1:r.s1 pieces .. 

' j 
i 
I 
t 
I 

) 



. - . .. - .. ~ , __ ·..;. ;. ·.' .... ..:. ~.' 

~- --· 

CHJ\PTER !>EVEN. 

Discussion of the Results a . .na. Conclusion 

The results .agre·e favorc.bly with the theoretical re

sults one would expect to obtain a.s discussed in Chepter 

Four witb the except ion of t}1e Bad Wa.te:r sample .. cne- would 

:think tha~ the Bad wa.t~r sample wtm.l<i be aln~p,st as he·a-vy ss 

the w-~ter from the Salt Pools., but such is not the ce.se. 

The pequlfer loce.tion Qf this source of water in Deeth Val

ley has unquest':ionably something to do with these peculiar 

results. There was· a. very smell areount of dissolved materi~ 

al in the Bad Water sample~. but there were app;roximately 

37.0 granJs· of diss.olved materia.l per liter in the sa.n::ples 

.from the Sa.lt Pools. This tends to show that there is 

either a lack of eva::po.:ration ox else a f;OOd, steady supply 

of fresb: ~ning water so~ewne·:re underground .. 

. E. s .. Gilfilli8.Jlt Jr. 1 has published an art 1o~e on the 

1eotopic co;m:posit ion of sea. w.e.ter in. which he use~ a ruethod. 

similar· to that used. in this thesis. It does not seem that 

his results can be ils accurate as tho.se obtained by tllis 

method. for in the thermost·et that was used in h1s rr;ethod 

the tempera'tul"Et control was by n:eans of a wate~ice eqtri-

~The Journal of the American Chemical Society • 19~4, Volume 
66. Pe.ge 406 
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il 
l 'ibrium• In r;ny opinion, t ·his w'oUl<i not 'be constant to '.tith

J;n one one-thousandth of one Q.~gree Cep.tigrade, ana I a.o not 

believe that good results can be ob:ts ined unle·ss this temper

a1iure control. is effect'ed. Also, 1 <lo not believe t hat the 

method of employing te~t tubes open 'to the a.ir as a contain

er fot tbe water $ample is. accurat.e. In this thesis the 

Yfttter . samples were sealed f .rom the Efir as much as was possi

ble., and a mercury seal was placed iii the b.ulb tQ ke~p tile 

sample pure. 
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