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J good mothod ha be n devised for t1 s sp otro~ 

etric an ly is of ohlorine-oont 1ning ub tanoes by th use 

of dichlorot t:ra.tluoroath n • A conveniont pre ration ror 

~h1 from chlorine nd tatrafluoroathylen , ob-

t 

( 

n d by th he l daoo poo1 ion of polytot 

or lon.,. ), b been .developed . 

Using dichlorot t fluoro thana , and to 

fluoroa hyl ne . 

leseer 

xt nt, ars nic triohlo ide, chlorine isotope abundanoe data 

have be n obt inea tor several ohlor1ne-oonta in1ng ubst noes . 

o evidence for isotopic fr otion tion h s bean found 

tthin ith~r ot to s lt beds studied, but samplos of halite 

fro t o different alt d po its have been found to dirt r in 

t11eir rel tive abundance of cl"lor1ne 1ootopes by 0.5%. 

' her · h va been obta1.ned ind1oe.t1ons of tre.otionation 

of ohlo ine 1 oto as in r net ions involving the forrrat ion ot 

ohlo.r t fro chloride nd in tha . nt raotion or chlor te nd 

cblorid ions . 
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Although there has not t be n obtained experimental 

confirmation , it is interesting to note that the rather large 

variation of 0 . 031 ato ic eight units has b en predicted for 

the atomic weight of chlorine due to isotopic variations (11) . 

Variation in the n tural abundances of the chlorin isotop s 

would be of con iderable importance, ince it could effect not 

only th chemical tomic weight of chlorine , but also those 

of certain other elements , e . g . gold , whose atomic eight hav 

been determined by refer nee to that of chlorine . 

2 

Theoretical variations in the atomic weight of chlo.rine 

can be calcul ted . For example , for the reaction , 

Urey and Greiff (12) found an enrichment factor of 1 . 003 at 
0 298 .1 A. corr spending to 0 . 001 atomic weight units . Urey (11) 

calculat d an equilibrium constant as large as 1 . 092 for the 

reaction 

0 at 273 .1 A. 

Regarding such larg enrichment factors and equili-

bri urn constants , Urey states ( 11) that t•The equilibrium constants 

for chlorine exchange reactions are urprisingly large . This is 

due to the increased number of vibrational degree of fre do 

as the number of oxygen atoms co bined with the chlorine atom 

increases , and th approxim te con tancy of th vibrational 

frequencies of all oxygen compounds of chlorine . Similar effect 
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should occur in the case of the sulfur isotopes , and in 

fact the experimental values for their fractionation between 

sulfur dioxide ' and bi ulfite ion are close to the corres­

ponding value of the chlorine isotopes" . Recent calculations 

have been made for a number of isotopic equilibria involving 

the sulfur isotopes and some of the equilibria constants have 

been approximately verified (50) . 

hile the foregoing shows the thermodynamic possibility 

of relatively large chlorine isotope fractionation comparable 

to that of sulfur , it has been shown with sulfur that large 

isotopic enrichment is often associated with various naturally­

occurring oxidation and reduction cycles (13) . Unlike sulfur , 

chlorine is little subject to plant or animal met bolic 

oxidation and reduction , and thus it may be that little 

fractionation of chlorine isotopes has taken pla?e in nature 

due , as it were , to the lack of mechanisms by which equilibrium 

may be e tablished . It is , therefore , of comsiderable interest 

to ascertain if possible whether atomic weight of chlorine does 

vary as much as one part in one thousand (11 , 14) . 
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Levin (!0) have ol imed the et c ion or cl39 in th 

b orption sp otru ot hydro en chloride . J i 1 r ork by 

ecker (21) 

ti thi • 

by Hardy nd 

d by Hettner nd oh e (22} pp r d to con­

ore r o nt ork by 'sly nd en in (23) nd 

outh rl nd (24) 1' iled, ho ever, 0 oontir 
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the&e rlier re ults . 1 r nd H n on (18) l" lso u · bl• 

to d t ot 1 9 . o ntly tJl t l. ( 25} nd bOr (26} 

Vft, ound Cl59 to be d1o ot1v ub t nee oapab a ot 

r 1t1o1 l produo ion; its halt-lit 1a bout one bou~ . 

ltbougb no 8S p ct me 0 tudy or 0 1'ble 

., r1 tion in tba .natur l bund nees of tbe chlorine isotopes 

h • b en reported, th . l"lier 11 t r tur r v~ l num rous 

t pt to detect uch ri tiona by e ns or ll 

d11'ter$nces thy .ould o us ln th to 1o oi ht or chlorine. 

It c n be argued th. tb co t noy ot th to io eight or 

chlorin s round by St s nnd by Rio ~ rds by r1ous ethods 

1 u to the t ot th t ll the sa pl or ohlortn.e or ohlor idea 

used probablY' ori~ .n te4 trotn . a - ter chloride, h1oh ight 

reason bly be expected to have a oon t nt 1aotop1o bundanoe. 

In n t ~ ~o 701d this diftioulty tlle. Curie (27) 

de ermined the tomio we1gbt or ohlor1no in tbre inerale 

h1ch ere prob bly not or r1n$ origin . or a s pl ot 

~ nadian sod lite nd Nor egl n c loium chlorophoaphate th• 

ato io we ht agreed ith th t of se - ter chloride . 

hi er Y lue ( 5 . 60), howev r . ob 1ned tor s& le ot 



aodi hlor1d tro 

inv at ations y Gle 

Dor nte t (29} u 1 

0 y, ub t o pr 
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n 1 frio • ollowing th1a, 

c · an duhl (26) nd al o by 

p tite troo Ood r e.n in Ba 1 , 

bly ot ot r1ne ori in, ho ed 

no ~ r1ct1on in th · to ic orine . t r tt pta 

by 01 dit oh {30, 48) in 1925 an li 7, ark1n nd stone (31, 

3£) in 192 and 1926, d J, en ie ( 3) in 1925 to t1nd riation 
• 

in t e eh cic 1 to, 1c eight of chlorin Ylere un.sucoesai'ul, 

although con ble vari y or ohlorin~-oont ini 

a b t noe or x in d. 



1. natu~ally-ooourr1ng co pound nd 

min ls ot chlor1 

clas$1fic tiona. 

. y be plac tl in on or tbr geological 

• 
{ l) !S~~oua .ll'togka 

These r ooks r to by th ol1~1fic tion ot 

ru d roek mater! l nd 1nolude t hos ot voloan1o 

or1 ·1 • iben surf oe chloridl!l re often .formed by 

the a ction or hydro en chloride lven ott bf · otive 

vole noea . 

l2) t .morphia nooj;a 

The e ·re rocks . ioh h v ttnd one som ehern1ca l 

or physical chang~ follow! th tr or!g inal formation. 

, tor ex mpl , by tbe action ot salt water tlowing 

over various isneou• rooks ith resultant reaction 

between metal oxide and the tlqueous chloride .. to 

p~ cinitat l r•ra of e.n insoluble chloride such a 

that or silver or l d. 

The e are rooks t'o · d by the p:reoi pitat1on of 

simpl salts, •• tor &X m.pl • in the e porat1on ot 

a s l't l ake. 

It h s been pos lifble to obt in a vnr1ety ot iner 1 

amples belonging to each ot these ola&s1fioat10n$ (T ble II) . 
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oth r ynth tic ub t noes contaln n ohlor e r al. o 

nv ti, ted (he t ~synth t1o" · uo~d her . refer to 

tart 1 hioh 1 ve been t h r r fined or syn h 1zed by 

n) and will b oor1b d 1 t oont xt . 
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111. . Speot£gmt.ter }!ro~ed~:r;• 

.he proo d r in e ss p otrom trio n ly $8 w • 

to lY e r t n rbi t rilJ eeleot stand rd ample• 

of th b nee undergoing inv stig ion, th n an wunknown 

s pl " n then b at ndurd" in, ll u.nd r th • • 
oon tion • It th t o at aly ot' the d rd .. dlt't'ered 

by -or t n would b :x.p et th r · ci 1on or t 

r: ault • instru ental "dritt .. w e SS'Wllad to be ooourrin nd 

he ter time. For th rs nic 

tr1ohlor 1d or , on of the "l.Ulknowns w ~lect 8 th 

t nd her s for ost of he 41Chlorotet tluorooth ne 

naly . t. , ·at ncl rd 

ec rc1 1 prod ct. 

ae s t n tro oylind r or the 

ti 

ot n · unkno 

athods we~ developed t r the oo r1 n 

1 h a n4 rd• a le 1 n l o tor the 

oomp r1 o ' ot one unkno n" sa ple with anoth r. In th · l ttet' 

the a ti ic 1 rethod a dev lo ed tor the p rticul r 

1tu 1o wher th · two unknown had e ch b en ne.lys d twice. 

tth r t ~ nee to th •utandard". The ethoda take into ocount 

th bitt in lue• of he n ly e o used by day to aay 

vari t1on of the inat~um nt. Th use ot th s · ethads ak a 

po sibl he ei nment ot prob b!lity that giv n d1t ronoe 
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in isotope bund n.oe ratio t'e ulta only fro ch noe 

at t1 tto l r1 tlon. Tb tbe tic 1 d$~1vat1on of the 

ethoda :r giv n 1n :p endix I d :P'P ndix II. 

Il studz ,()t f Ghlor!n 
J t 

ev ral co pound ere stud ed w re eot to t h 1~ 

osa1bl us s io ourc$S in 

work ( 3 ) 1 th chlo tn nd hJdrogen cbloriae ha s n ·that 

the u ce a~e uns t1st etory; th tor er beo u e or 

it oorro 1v p:ro erties. p rticularl 1th rep ct to roury, 

n "& "' t er b c ue . it hi ly ol r n t\U'e l ds to 

eft eta" tn he ss speotro . t r. our Otb r •olat1le 

00 pounds or chlor1n re studie in om •h•t 11, n m.ely: 

pho pborus trio lor! •• rs .nie tr1chlorid • o rbon tetr chloride , 

and a!eh rot tr tluo oeth ne . The result of these 1nv ati• 

8 tiona r ey rietly su r1z l • 

1. Phoaphol"u 

his co pound 

B g ht de oh m1o 1 fter red t1111ng it in ~~90 1 

nd it showed nom pro 1 e n ion souro~ • Th o oun(l 

not con 1d red suit bl • bowev r, 1te pronounced 

tendenoy to hydroly::u~ to hrctro n chloride en4 the 1t rioulty 

or p:r pari 

h.1ch 1t w 

it ,u nt1t tiv· ly fro the ouro a of ohlorine 

• ir d o t dy. 
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pound er 

thod ot n h si to t 1s compound <l Y lope • 
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ltbou h ~o. 

obt 1 ed, 

w t rs niou sult14 u · d r h1 . 

t~ic an 1 se u ing thi oo -

ry · o d cont1nu . ork 
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ith th . ubat noe h n 1t to d o b re otin 

stQpaook gr(! e 1n t he s- sndl1ng yst m ot th 

1tb th 

peotxoo-

t r . his r t on o u d con ina tion or the ln trunlent . 

i 1 h pr lou ly b n n lysed 

sp etr ~ trica ly ( 0), nd 1n t h present ork nt 

conrl d that it 1 a ati t etot-y 1on aouroe. J v r l 

<tedure er tu ied in an . tt pt to tln~ uit bl mea 

OI iaing 1 · ua tit tively, 

hi$ nd. c rbon d1 1 id s a lorin t us ing 

. ultur . onoobl r1d.e, und r retlux, with., as e t ly ts, 1ron­

uu1 ony. t'erric a lorid • nd nti on o ohlorid • h th 

r aet1o i e up to tbr days, yi of only 45 0 7~ r · 

ob ine • 

h onlor1ne t1on of othor log n te~ m t l:lan uob 

ce.r on otr 1od1d nd o rbon t t bromide 8 l so tt 1 pted 

using oh loa-ine nd sulfur · onoohlor d · nd t e reviou l.y-



entioned o t ly t • ,l o pt in the oa e ot ohlorin na: 

o rbon t tr r o id , ~ ction vi 1bly occur~ d but c rbon 

17 

t ohlor d could not b 1sol ted from. tb re111ot!on roduct • 

v -r<Y suo t1 l mount or ork w d vot to 

synth or e rbon tetr chloride, b o use or 1t 

pro 1 a a ·ui ble ubs oe tor o orin bunda oe 

stud!e • Th 1 e or auco a in finding su1t bl 

synthetic m..ethod, hOW&VE>r; e ent lly o u ed th r luct t 

bandon nt ot tb! oo pound . 

1 • 

Tb1 co oun roTe to v ry tt o1 nt ouro ot 

ions, ery s , t r! 1 to h ndle 1 e 

p et te nd t o ynthe 1 e . , si 1 m thod of pr p J:'Eltion, 

whioh 1 cr be 1 t t h b en d v lop d, nd mo t ot 

the f,..o t '"' r;j> 8:bWid no l' Ult ln t hi YfCJl'k 411' 0 t in d U ing 

is com ou d . 

II 

1 .. t>repnra t1o.n 

h pr p tion ot rsenic triohlo;rid o n b aoo pl1shed 

in sever 1 w_ye (42) but tn he present ork the r ct1on or 

hea~ etal chlOride 1th reenious sultid as cb en be-

oause ot the e ee w1 th hich 1t y 'be o rri d out in ouum 

sy tem.. erourous chlor14 w s chosen · the h vy et l 

ohlo 1d. beo use 1t 1s s1ly prep r d from tho ·s lu le ohlot14e 
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s rting t 1 l by p c1p1t 1on, is n t hy :ro oop1c, 

nd o b tor ithout deco o ition. Sil ar Chlori 

e l o ex m1n d bu 1 no s ti f c ory in th 

r ctio ; lso, it o bJ ct to hotol 1o. 

ove l r ot on 1 epl' nt d by: 

(a~Proo au e for ~ n1o Tr1ohl¢r1d 

Pur • dry, tinely-powd r d r lou sult1d 1 r1 

in n 1 ctric e t 150°0. or t•o ouro b to us . 

r uro ohlor1 d is r p r y rec1p1t t o tro 

olution ot ohlor do hoe 1 otop bund .. o 1 t 1 

d aired to tuoy. u ing o.s olut1on ot m rcurou nitzat 

1n bout 

prec1 it t$ 

c s of th s o o 1om tri r$ uir nt . Tho 

tilter d by v ou hr u h ordin ey nco 

til.ter p p r. or any 1 ilar f1lt r p p r th 1 utt c1 n l;y 

rd. rdn sin tb tilt r per is d i bl nord t 1t 

the :pree1p1t e will rama n on tb u.rf Q ~ th n 

P n t te d ply 1 to th . p I t r r Utr t1on, tb f1lt 

p r 1 re o'V d f 0 th unn l nd tb res. duo r ov <1 tro 

the p per wi·h ole n . p t and pl ced on w tch la & • 

r 

Th per ith m ll ount ot reeidu r 1n is pl oed on 

noth r toh la • Both toh la r th n pl o a in n 

OT n t. 110 • 115°0, tot' l 1nut • af er 1oh time the 1"1lter 

paper hould b quit dry but not discolour d. In this st te 

th laet tr oe of arourous ohlorid& y be re~ove4 f~ it 

in th ro ot brittl chip , by simply tl x1n thG p r . Tb• 
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in portio o th .. rcurou chlol"ide, to thor with that 

re-mov d tro th dri t lter .. per, $ th in p1rex 

gla s mo t round to r 1e powd r. T 1 , owd r 1e 

placed on one ot the toh l sees us d pr v1ou ly · nd re oed 

in the ov n ror t o hours t ll o • o re ove the l6Qt tr oes 

ot o atur • 

Th dry rs iou u 1a n rcurou ohloride re 

t tnt ma ly ix d, u 1 rs n1ou s tide in bout 20 

exo o th . t 1ch1o etrt o rop tion, nd pl ood on the 

ouu l1n ( 1gure 1) 1n th ot on bulb ( n- ) • Th xture, 

rt r ev ou t1o ot t lin to re · ure or out lo•4 • 
1 h · ted gently 1th bru h" tl m u ng h nd torch •. • tter 

generation or th vol til r nic trichloride b c residue 

rem.n n n th bulb d a yollow d po$1t is to d round th 

necl ot t bulb. Thea ~ , pres bly, mercurous sultid nd 

subl1 d ·r enious ult . d • re eet1vely . 

.i rter h a p l ha 88 d lass wool ( B ) to 

remove t oe ot olids, it !s collected , n t p (T ... l) by 

mean ot liquid 1r. bright atal11o · rror a ottten torm d 

on th $ d or this t p, p l'Ob bly du to rs nio or m rou ry • 

Th a pl 1 di 1lled elo ly to tra (ti'-2) bJ replao1 

ths iquid ir on tray (T-1) w1 tb an lc - and s lt b th ( pprox . 

-l5°C.) nd pl ein · li ul ir b tb on tr p (T-2). 'l'h 11 u14 

air b tb on tra (T·S) is than r lao d by a dry 1ao nd th nol 

b th (ap rox. -78°0.) nd a l!~u d 1r b th plnoed on tr p 

( -4) and the s mpl or r en1e trichlot-1de 1 oub oted to th 
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Lr·-:GEND F;OR FIGURE l 

B Glass bulbs tUled with pyrex glass -wool 

G l Ground glass joint, standard taper, 10/SO 

G 2 Ground d. ass joint, &taJ'kiard taper, 10/20 

G 3 saxne as G 2 

G4 samea.sGl 

M manitol.d 

T l Condensstion trap 

T 2 Condensation trap 

T & Drying trap, contains aagnesium sulphate 

T 4 

.Sl 

Condensation trap 

High vacuum hollow plug stopcock, • bore 

S 2,3,4., High vacuum hollow plug stopcocks, 5 -.. bore 

S 5,6 Stopcocks, solid plug, 2 nm. bore 

S 7 High vacuum hollow plug stopcock, double transverse, 3 •· bore 

B Reaction bulb, a;pproximat$ly 4 em. diRaeter 

(a high Yacu.um pumping system consisting of a single 
stage mercury condeNsation r unp bac.k.ed by a r.telch 
'Duo Seal" torepump is connected at trap T-4) 
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action or the vacu p ps or 20 inut to re cv ub t noe 

TO til ~ d~ ioe t mna~At~~~~ft e 1r. hyd~n eft ohlor1d.• . \# "" ·fl ¥""'4"" I.LA.9VJ •• , "' ... ,., ~ V 

Non-oonden 1 · ter1 le reconvey thro h th v cuum 

pump nd other mat r1 l re oa bt in t p (T- 4) . topoook 

( - 7) 1 hut ott nd tb ar enio triohlor1d distilled tro 

t p ( - 2), · tt r zoem.ov 1 or tb. dry ice b th , to the drying 

tube (T- 3) where it is collected lW ns of 11 .u1d 11' 

'bnth . 1th stopcock ( • 4) elo •d th a ple i · llowao to 

tand at roo temper ture 1n cont ot 1th gnes1um sul:t te , 

s 4ry1.ng ent , tor t o to tour ourJ . ith topoocks 

(~·l} nd (S- ?) cl osed tb e pl . 1s t en coll o ed 1n ample 

tube (w ·1) or ,;,:lT• Z) by n ot a 11 uid ir b th . 

11 . xr1ghlor14t 

~wo r sulta only w ~e obt 1ne using r ic trichloride 
. 

s · ubstanc ror a pectJ;-Om(ft:ric an lys 1a bet oro work 

it thi co pound as h lt·ed tor the r aon 1n 1o ted e rli r . 

The two a lee studleo er pr~pa.red from sodium chloride 

from th lk oint , lb :rt salt beds . The e s mples r a oh 

from th lk Point 2 sh tt, but taken trom dttter nt l&Yel , 

Th re ult& re hawn 1n T bl~ III nd re o leulatea tro the 

ion pe ks oorrespond1 to s 180 d 182 su 1 a b1no 1al 

di tribut1on ot chlorine toms . 



III 

I OP . BU lD\ 0• n.rr 

0 T IN U I4G 

oour.ce 

8 

H lite lk Pt. ' 2 mine 3.094 3.5 '1 
2800 ft. level 

Halite lk • 1ne 3.095 3. 8 
4ooo rt. 1 

Halite 3.096 3. a 

IV D1chlorotetl:"atluoroethane 

Tho pr p tion or diohlorot .tr tluor th ne that w s 

u a oon 1 or thl:' e a e ; th p~ep r t1on or t tr tluoro-

ethyene, the prep r ion o ohlorin,e, n4 th co bin tion ot 

these to g i v d1chlorotetrafluoro th ne. 

Th - pr p r tion o ohlor1n a coom l1shed by the 
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common method or all - 1ng a olution ot ohlorid to r ot with 

exoe s pot s iwm pe ng te d ulphur1c c1d, nd 1 not 

g iven in det 11 b re. ever l thod or r p l" t1on or tetr -

f'luoro tbylene are T 1labl (43,44,45). Th ther l degr d ion 

ot the co ero1 1 olymer ~e lon" ( olytet tluoro thylen ) 

in . as .sel o ea beo u or it s convenience. 



( )· roc.edure .for T 

The v cuu y t u d 1n th1 roo dur 

pre ar tion ot th diohlorot t tluoroe h ne !a h 

·· igur 2. 

nd in th 

in · 

hree to 81x s ot polyter luoro t.h;rl ne r 

t1shtl7 o d into ore l in bo t ( pprox1 t ly 3"xi x " , 

not sho ) ; th o t being cho n so t t th ount ot 

tet tluoro byl n p o uoed ill b 1n ab ut 10 to 20% excess 

0 the or ti 1 ount of chlorine to be pre r 4. he 

boat oont 1ning. the •r lon" 1a pl oed 1n the "Vycor" turn oe 

tube (F-T) by remoTl the .round l 3o nt (G-1) nd tb n 

repl o1ng it f'ter lubrio tio 1th piezon ' high cuum 

gre s • ( ll ground gl so Joint. nd stopcock r lubr1o ted 

1 th p1ezo exoe tin:) (S- 5), (a-7), nd ( - 8) which re 

lubrio ted with D v!licon h h v cuum r aee) . ~ opooo 

( ... 1) 1e op ned nd sto cock (S- 2) nd ( .... ~) ar clo ed n4 

sto cook (S-3) aet to connect tbe m !told ( ) wit tub (C) 

24 

le di to the oolleotion ayet m. to ock ( - 5) 1a •t to con• 

neot ll hr e lin s l din to it• ana stopoook ( •?) is clo d 
I 

to 11 conn ot1on • ollowing hia, topooo ( .. 6) op n d to 

th high ouum p nd th sy•t 1 v ou t~d to r s&u~e 

· t l t a low as 10• • 

Th oomp:r ased ir line ( ) 1s turn d on to oool the 

r • d Join s ot the turn.tlce tub ( · 'f). nd trap ( •l) 1s cooled 

w1 b liqu10 1r. The el ctric 1"urnace ( ) is then turns d on 
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nd t e t eratur ( a r d 7 th oooupl • ot lllu ate4 1 

1d th turn o tub ) 1 rai · d to 450 to 

yroly 1 pro uot re t oz n s whit po d r in 

1th1n th 
0 600 c. T 

tr p (T-ll by 

t oe 1 

n ot th l1qu1 

tur d ott and 11 

ir. f r 30 o 40 .nut 1 

to c 1. S o ck ( •3) 

1 clo ed e.nd to coo (o•5) s t to oonn$a tra (T-1) nd 

r ction bulb ( ) • h l1 uid a ir tb r v d tram trap 

( -1) ud th prod ot 1 oont ino pe itt d • 
Th y1el4 c loul t .d tN tb p sure r · d on the 

no t r (u) n h vol 

(3 . 60 :t: o.o · 11 ra) • 

Of th oont 1n1 he a 

nd hat tb 

only product 1$ ratluoro hyl n • on hi b si 1 lds r 

98 ± 2 • h roduct 1 th n troz n into tr p (T•l) by me a ot 

a l1qu1d ... 1r b th nd th n stopoook ( -5) 1s t to oloe . 11 

thr e lin le dl to it . 

(b) r tor: D1ohlort 

0 orin 1 pr p r y t r a ion o turat d 

ol\.\t1 n. Qt lotld t th r 1th l e xoe ot ot ss1um 

t to vth1ah 0 o1 . ol tion 1 ~d d 

s to control th r t or volution or • 
1 sw pt co tinuously ith nitro n nd the · xit 

he y te 

aed 

thro dry1n~ 

to:pcock ( 3-8) J tn 

11" e d h r by 

n1trog :n 1 llow 

ottl con 

2. 

n Of 

d to e o pe 

1n1 

into t:r 

dcy-io 

brou 

ultur1c cid n th n thro h 

( -7). Th ohlo in l 

nd l cohol b th nd t 

topoook ( J •?) hioh 1 t 
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to conn ct p (T-7) to th e t from 

fl 1 u to volut o o ohlor n• . b 

with itr n 1 h n dt oont u , s o ooc C ·-a) 
ol s d nd .8 0 c Ok ( .. 7) 0 n t t~ ( -7) to 0 

r ct1on bulb ( ) . h io e o a r r P ( -7) n 

r t Chlo :n b B or t d d o roo t t r 

t 1 l 1 8Ul" 1n h 0 t tluor ylen , 

Y1 0 g in • 1 0 l. • 
pr c by 1tro r in ln t ( -7); hia 'Vi 1 . 

d '1 bl run. stop oek ( 3·5) s. h n t to 

00 otion ulb ( ) nd t p ( •1) n4 th ohl :rt:n 0 u d 

to t r ·. z 1 h b t t tlUOl"O thyl n tor d the:o 
' 

by ns 

0 t 1 u1 - 1r th . itro d n:y o :r non.- conc1 n bl 

ri 1. 1 re:.1.0V d by th t r h to coc 

{ - 3) ' (S- 2) n d (s- ) . n h - 3) 1 d . Th 

l:l 11 tr 1 r moved tr ( •l) nd oblor1n n4 

tot fluoz.-o hyl n llo d 0 'fO t ilize 1 Q r otton 'bulb 

( . ) . (If' th ll r1 0 n f,.r rluoro hyl llowed 0 

1X t r;;o.m, t th o'1on 1 0 iol t n th 

1 tur · ill ur t 1 0 o h ur r llo 0 ·ure 

re t1o hich nt1 l 7 u n 1tat1v • h 

ro u ·t 8l" h t 0 in t ap (T• ) . 1 0 11 u14 ir , 

hl" u., op oc • c·- ) . ('· 2). ( - ) ( - 9). tope k ... ) 

d l ... }.Q) ein cl s d. t n farr1n he 11 id- 1r b th 

t • ( -3) nd ( '• ) d ni ul t1 top o · ( .:.;~ ) 
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A Compressed air line to cool joints at the end of F T 

B 6 inch squares ot asbestos to stop radiation trom tumacu ( It F) 

C., D 8 11111l. pyr&x tubes 

electric .furnace 

t "Vycor" fumaco tube tor pyroJye1s 

K itold 

G.,l,2 ground ot "'Vycor", .female of pyrex, st 

0 =s,4 ground glass joints, atmde.rd taper, 

S 1,2,4,8 him vacu· top cocks, hollow plug, =n. bore 

rJ 

S S, 7 high vacuum stopcocks, hollow plug, double t.ra.usverse 5 m:n. bore 

s 5 hiidl vacuUIIl st®coek, hollow pl~, riitht·a.nt"~ed 2 an. bore 

T 1,2,S,4 eondenaation tra 

T 5 trap oont~~ dium by.iroxide pellets 

condensation tr _ 

7 snira.l eoaiensat·ion t:ra.p tor collection o.f chlorine 

R .8 reaction bulb approximately S. 5 li t .;rs capacity 

r, 2 

D 'r Drytng trap, 250 rAl.. bulb co.ot&inintt phosr horu.., pentc.:dd~ on pyrex glass wool 

Z ~ em. direct.-readinP: mane>;ueter: tho mercuq is covered with l/8 inch or 

(A high vacuum syste~ eonsi$ting of' a sincle et_~ 
and a Welch 11Duo Seal foreptllliJ) is cormectod to ( 
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nd (~·10}, tt olo 1 topcoek ( -~>. t m ri 1 

v r l lji throu h t (l .. ), ont 1n1 

odi hydroxide ll ta. o r o bydr~an o lo id nd 

(D• ), eont 1 i • ho phoru 

o r m.o e t r • 1h 1 1 1 

r t 11 1c1... ir 

u t a d eto cook ( -9) and eloue " 11 uid 

1 b 1 placed on tr p ~-•) n ry 1c nd oohol 

b h on tr p ( , ... ...,) nd t poook ( & .. ) op n d tor bo 10 

minu • ichloro ot tluoroett n doo no di til t n 

appr oi bl r t bet en hese t o t . ~e tur s (-98° nd 

-180°0. ppro:xi t ly) ut th xc .s tetr tluoro thyl ne 1 

pidl 1st1ll d in o p ( .. } , from hence it 1 later 

1 • ~ ope k (~- ) is then lased and th 

diohlorot t fluoro th 1 t p { - ) 1 istlll thro 

to cock ( ·-3) into pl t t che t tb nit old 

h 

( . ) by m.- n of 11 uid ir b h o.n t e a p1 t b • <)tOp• 

cooks 

h 

it 

( ... >. (s ... ) and ( •2 re olo d dur1ns thi procedure. 

pl t b 1 t n th n1fol by tu ne 

oo n o ion; u ina n oxy n arch . (Yield 9?!3%) 

' h p c rometr1c n lye 1 of diohlorotetr luoro-

fo!r' t sur nt of th c135;c137 _tto e o rr1 4 

surtnc the 1on our~ nta 



at mass numbers 135 and 137 , corresponding to the ions 

cl2F c135+ and cl2F c137+ Small ion currents w re 2 4 2 4 t 

observed corresponding to ma s numbers 136 and 138 which 
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could be largely accounted for as cl2cl3 isotopic 

modifications of the preceeding assuming that c13 is present 

to the extent of l l"• A small fraction of these ion currents 

at mass number 136 and 138 may also have been caused by 

c12F HC135 + and c12F HC137+ ions 2 4 2 4 . 
In addition to the above , ion currents corresponding 

to all the singly- charged ions which can be formed from 
F F 

dichlorotetrafluoroethane , Cl- C- C-Cl , and 1 , 2 , - dichloroperfluoro-
F F F F 

propane , CF3- C- CF , (perfluoropropene , CF'3- CF=cF2 , is also 
ClCl 

formed in the pyrolysis of "Teflon") were observed . 

Three other "anomalous" ion currents were observed , 

corresponding to mass numbers 101 , 103 , and 105 . These ion 

currents ere interpreted as being due to cl2Fcl~5 +, 

cl2Fcl35cl37~, and c12 Cl~7+ respectively , in a proportion 

of about 10% relative to the cl2F2Cl~ ions formed by cleavage 

of the carbon to carbon bond of dichlorotetrafluoroethane . 

As the addition of chlorine across a doUble bond cannot give 

rise to two chlorine atoms attached to the same carbon ato , 

the possibility arises that the "Teflon" may contain som 

carbon to chlorine linkages and give ris to , for example , 

perfluorovinylchloride , CF2=CFCl , along with the 

tetrafluoroethylene monomer , CF2• CF2 • Addition of chlorin 

' 
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to perfluorovinylchloride would then yield 1 , 1 , 2-trichloro­
F F 

perfluoroethane , Cl-C-C-Cl , with two chlorine atoms attached 
ClF 

to the same carbon atom . Alternatively , the "Teflon" may 

contain some carbon to hydrogen bonds which , after the form -

tion of the monomer and addition of chlorine , could undergo 

substitution by chlorine to yield 1 ,1 , 2- trichloroperfluoro-
+ 

ethane . Cleavage of this substance could yield CFCl2 ions . 

In an effort to throw light on this question , an 

analysis of the "Teflon" was undertaken. The material was 

fused with sodium by the procedure of Shriner and Fuson (46) 

and a gravimetric fluoride analysis .<47) perfo.rmed in order to 

calculate the efficiency of the fusion . The chloride was then 

determined nephelometrically and a blank chloride analysis 

carried out with the sodium ( ihich very likely had been prepared 

by the electrolysis of fused sodium chloride) . 

The chloride found in the "Teflon" analyses could be 

entirely accounted for by the trace amounts found in the sodium 

blank . By considering the limits of the experimental error of 

the method , an upper limit for the chlorine concentration in 

the "Teflon" can be set at 0. 09k . 

As it does not seem reasonable that a chlorine con­

centration of less than 0 . 09~ in the "Teflon" could account for 

the concentration of CFCl~ ions observed , and as other evidence 

indicates that both hydrogen and chlorine are absent (49) , it is 

suggested that perhaps some triply- unsaturated compounds or free 

radicals may be formed from "end groups" in the polytetrafluoro~ 

ethylene molecules o 



iii . Results with Dichlorotetrafluoroethane 

(a) Naturally- occurring Compounds of Chlorine 

Table IV shows the -sample designations assigned to the 

samples of dichlorotetrafluoroethane prepared from the 

chlorine- containing minerals studied . Table V shows the mass 

spectrometric results obtained fro the analyses of these 

samples . In some cases analyses were repeated (see Analysis 

No ., Table V) due to a drift in the value of the "standard" 

or in an attempt to improve the precision of the results . 
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Most of the analyses were done in the form of "standard , unknown , 

standard" , previously deacrib ed . Sample A and Sample B 

were prepared from the same material as Sample 8 and Sample 2 , 

r espectively , but compared directly against one another on 

Mass Spectrometer No . 3, to verify the r sults obtained when 

Samples 2 and 8 were analysed separately against the same 

"standard" on ~ass Spectrometer No . 2 . The analyses using 

Mass Spectrometer 3 were carried out by ~~ . W. H. Fleming , 

•• Sc . , and r.1r . T. Kennett • 



TABLl~ IV 

NATURALLY- OCCURRING CHLORIDES AND 

CORRESPONDING DICHLOROTE'l'RAFLUOROETHANE SA~1PLES 

Origin of Source of Dichlorotetrafluoro-
Chlorine Mineral ethane Sample 

Designation 

Halite Detroit , Michigan 2 and B 

Carnallite Suria , Spain 4 

Halite Stassfurt , Germany 6 

Halite Avery Island , Louisiana , 8 and A 
520 ft . depth 

Halite Ibid , 15 ft . depth 9 

34 



TABLE V 

ISOTOPE ABUNDM4CE RATIOS OF NATURALLY- OCCURRING CHLORIDES 

Sample Analysis Mass Material Cl35 jcl37 No . of 3~ean37 St . Dev . cl35 /Cl37 St . Dev. fljo . of Difference 
No . Spec , Used as ratios of spectre- Cl /Cl of ratio of of un- spectr~in iso-

No . standard bracket- grams ratio of standard unknown known grams tope abund-
ting contri- standard X 10+3 sample sample contri- ance ratio 

standards buting to x 10+3 buting between un-
standards to un- known and 

knovm standard 
sample 

2 1 2 cylinder 3 ~0']1 - 8 ) . 109 8.6K 3 . 123 13 . 6 8 +0 . 014 3. 121 s 

2 2 2 of 3. 102 9 ) .106 12 . 1 3 . 116 8 . 4 7 +0 . 010 3. 110 g 

-
4 1 2 com- 3. 109 g 

3. 106 7 . 7 ) . lOS 4 .. 1 g ... 0 . 002 mercia1 ) . 103 g 

6 1 2 dichloro- 3. 113 8 ) . 112 9 . 9 3. 109 7.0 g - 0 . 003 
3~111 11 --

8 1 2 tetra- 3 .1m~ 9 3 . 107 10. 8 ) , 091 13.1 8 - 0 . 016 3. 105 s 
8 2 2 fluoro- 3 . 103 8 3. 104 7 . 0 3. 097 12 . 6 11 - 0 . 007 ) . 105 g 

9 1 2 ethane 3. 109 s 
3, 101 9 

3~105 9.0 3. 093 9.8 7 - 0. 012 

B - 3 Sample A 3. 091 s 3 . 084 7 .1 3 . 103 3. 0 8 +0. 019 3 . 076 s 
A - 3 Sample B 3. 094 e 3 . 094 4 . 7 3. 082 ) . 1 7 - 0 . 012 ) . 094 s 

\...> 
V\ 
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( b} S nthetic ·aterials Containing Chlorine 

Some attention was given to the possibility of bringing 

about the exchange of chlorine isotopes in the laboratory. 

Urey (11) has calculated the equilibrium constants for a 

number of excha e reactions , and found a value of 1 . 043 for 

K for the reaction 

Hcl37 + cl35o3- -

at 298 . 1°A. 

As an equilibrium constant of this magnitude would 

create easily- detectable changes in isotope abundanc ratio , 

an attempt was made to set up an equilibriu~for which the 

equilibrium constant should be similar , namely , 

(cl37) ~ + c135o3- ~ (Cl35)- + Cl37o3-

and to measure possible changes in the isotope abundance ratio . 

Several grams of potassium chlorate w re heated ,with 

an equal weight of manganese dioxide in a "Vycor" crucibl in 
·"' a blast flame for two hours in order to decompo e the chlorate 

quantitatively to potassium chloride by the reaction 

Heat 

The contents of the crucible were then boiled with 250 

ml . of water to dissolve the potassium chloride and then 

filtered by vacuum to remove the manganese dioxide . The 

filtrate was th n evaporated to dryness and dichlorotetrafluoro­

ethane prepared from the potassium chloride that was recovered . 

This dichlorotetrafluoro thane was 1 belled Sample 3, and 
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n lysed oa sp c r , o r eally • A. ho r uJ.t r o· n in 

ble VI . ,;~inca th d oompos1'1on roact1on it1 u nt t.ti'f 1 

th pot s siur oh.lor1d fortMJd lloul · have the .n e lortn· 

1 oto ubtndanoe r ·t1o s t~e origi l u .. chlor te. 

this, o so.)..ut ono er · de up aa follows: 

':'JOt a ium. ohlorid ' ~ repu re .. fr m pot s iu. chlor t ( o 

bove} nd plf.t Ced in O·lut ion wi ·h n a. prcx:1 t ly e u1 1 n't 

~ L~l t ot th po se1u ohl r a te. Th elutions ero pl oed 

ome ul.furio acid ·a dd d to one 

ot th olutions it consider d th ~ he r t or ex-

b d.epond .nt on th pH. 

No . l solution e onta ned: 

3 . 13 ttft • pot s iw ohlor1d$ 
5 . 1? gm. pot os u ohlo 

in 200 ml . of ter 

No . t solution oont ined; 

2 . 2601 gm. pot sium o . loride 
5 . 7594 gm. pot s~1um chlorate 
0. 5 ml . sulfuric c id ( lS 0 

in 200 I • Of W·ter 

J...ft r n1r1et n d ys Solut o.~. !o. 1 s r · ovea tx·orn 

th w t :r b ~t:.h . Th ..,elution ci 1t1 d ~ith thre drops 

let alturic old to r v nt th fo atio or ilv r ox de, 

n ost of the ohlorid~ n:recip t t d by the a ddi · ion .of 3'70 

l . of 0 . 1001 N ilv r nitr te solution. The rec1p1 ... t d 

.ilv r ehloria w re.oved by o. cu f1ltrution, n th 

f11 rate ;,, de n utr 1 to phenol .bthaJein y .. , t.:. of 0 , 1 odi 

hy ox de solution , nd then ev o d to dryn s • con ider ble 

• 
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ount ot cryst · line t xoial d tor d ~ thi st- e, b1 ch 

adh red t n ciou 1 to the 1 ich the or. t o s 

o rri d out . , 1x d lts o ei t of 7.95 r s were removed 

tror:t th 'be-a¥: r ( heo tic 1, out 9 . ) d this ixt~.lr 

th • an:; nee d1ox1d to o nv rt the ot sium 

chlor te o chlorld , und dio lorot t.r fluoroeth n pre. tl"Od 

tro t 1n th r d acribe ~r v1ou ly . This s 

l be 1 . 5 nd n ly d 4 &s aJ ctrom trio lly 

(Table VI) • 

1'he preo1p1 t: ion ot tha chloride in Uolutio No. 1 

s not u n 1w 1v heo. tic ly 0 . 3 g • ot otass1 

o lQrid should r r, a in. h th . l? ,1 . of pot ssiu chlor 

"o· • cone rn, felt t h ti e 1 ove the po e b llty of 

for t1on o tll<l .xplo iv silv r p ro lora e it' an exoe s of 

silv r nitr· te w a usod, was the r on for this . 

' olution No. 2 w re ve fro_ the. • t r b tb fter 

siXteen d ys nd th clllori · r ct 1 t od quantit tiv ly by 

usin· a olut on t 5 .12 2 gm. of oil r n t t in 200 1 . ot 

t r . ·rhe oolut.ion neutralized l v porated to dryn 

in th s roe tn r a ~olut 1un l o ,. l . i:xe s,lts v:e1sh.1ng 

7. 0 e r ·er rocovar Gl tru the b kor us d _in th v po 

tion {thecr bout . o . } . n..ft r tr t t th 

• 

a-. 

m ne ne dio id nd h 1t nd oonv r s ion to d onlorotetr tluoro-

eth ne , the d1ohlorot t a:fluo · ath na s ltlbelled J ·pl 7 and 

an·lyae<l sp ~otro etr o lly . h r~~HlUlt e ·hown 1n Table VI . 

In dd1t1on to the .ss speotr J etrio r ult tor 



dlohl/"Jrotetrafluoroetb n .s xnples 3. 5, o.nd " • Table VI 

ul o includ the r ult of two other dioblorotet fluorQ-

e-th ne aamplss, S'arn.pl s 10 nd ll . 'J~h.o~ samples · ere co -

p red directly, with ~~ mpl 10 e.erv1tll) s st nd rd* . t he 

ter1. ls from which they wer prepared were: 

Sample 10 pr$par d trom refined sodium 
chlori e obt. ined from the e1 otrio 

duotion Oo . • · r1old ... h • • • 

S plo ll r · r d from POdium ohlortlt l'lhich 
in turn h d been prepared by 
elac t rolyai.:> o.f the above- m ntioned. 

odium chloride , by th~ €leotric 
Reduction CP. 

39 



TABLE VI 

ISOTOPE ABUNDANCE RATIOS OF SYNTHETIC C:I{~,f,;jN_ifSONTAINING 14ATEHIALS 
_......,. _ _..,.._._ 

Sample Analysis .Mass Material cl35jcl37 No . of Mean St . Dev . Cl35jc137 St . Dev . No,. of Difference 
No . Spec . used as ratios of Spectra- cl35jc137 of ratio of of un- spect~ is iso-

No . standard bracket- grams I'atio of stand~rd unknown known grams tope abun-
ting contri- standard x 10 sample sa!Bje contri- dance ratio 

standards butingm x buting bet~een 
standazds to un- unknown and 

known standard 
sample 

- - .. 
) . 099 7 3 1 2 Diehl oro- ) . 105 9 . 3 ) . 117 6 . 5 7 -+0 .• 012 3. 111 7 --

3 2 2 tetra- 3. 106 9 3. 104 . 9 . 2 3 . 125 5. 0 g -+0 . 021 3. 102 9 

5 1 2 fluoro- 3. 111 8 3 .103 6. 9 3 . 11.3 5.7 g -t-0 . 010 
3. 095 8 

5 2 2 ethane 3. 098 7 3 . 097 8 . 9 3 .108 7 . 0 8 -+0 . 011 3. 095 7 -
7 1 2 from ) . 108 7 ) . 113 898 ) . 106 6 . 1 7 - 0 . 007 

3. 118 5 

7 2 2 cylinder ) . 113 8 ) . 112 7 . 6 3. 100 11 . 9 8 - 0. 012 ) . 110 8 

11 1 3 Diehl oro- ) . 093 8 ) . 094 5. 9 ) . 098 11 . 5 8 +0. 004 tetrafltD- 3. 095 8 
ro 

11 2 ·) ethane ) . 088 8 ) . 088 8 . 9 ) . 093 9. 4 8 • 0. 005 
Sample ) . 088 8 
No . 10 --,.,... 

0 



DISCU:.> I ' 

1 • . r en1o Trio lorida 

No ign t o•nt d fera c s ere found in th 

bund nee r tio ot th isotope of cb.lorin in s ple of' 

h ite from t o 1 v 1 of tho m salt b d (T b.l. 1!1) . 

h1 uy be ccounted for in three ays , viz ., 

(l) lo r .,f r ntil solubility b tw n tb t·o 

41 

1 otonio snlts or ~odi chlorlda 1 t th t 1~ lar no gh 

to c us d t ct ri tion in 1 otop bund(nce . rh1 

s muen th t the lt bed wa"' d o 1. d by th co tinuou 

e a or tion or ~ lt lake . 

ot 

the 

( 4::;) 'l'b 

s lt ke 

0 s mplo 

ult bed w 

h 1eotop 

udied 

fr ction tion taktn oe , but 

trom e ui nt 0 sotopi 

pos tions~ within ·t o l yers . 

(5} Prefer nt1 l olubility y exist bet en the 

isotopi c modi ic ion of sod1 chloride, but the s lt bed 

y h ve l:)een 1 id ao~nl under nq - quil br um oona t1ons . 

ion 

ln th rit r •s opinion th 1 t explan t1on em th 

o t r on bl • p ri nt 1 r •ults h1oh r dlscu ed 

l ter t nd to o nfir this xpl n t1on . 

lon. U"' sb ·s t t if he analy 1 of th 

chlori ne 1 presen in thi t r l , its concontratio 

ny 

is laas 

I 



o. 9 • 'ubso uent to th e rry ou ot th ly s, 

th .> roduc r ( 4u ·ont <l ~e ours and Co . ) a dvi d t t 

purit i n 1' flon , 11" ny, r in th P r 

11 ion le el • In vie of hi it r onabl to eon-

olude th t ubsttlntiully ·. 11 h . chlorine in th C2 r4c1+ ion 

pe s that ere r d, corr on 

135 ·nd 137, camo r oN b 

C eli ions. r no · due to 

t e influence or ol cular 

winerul 

for n 

oi 

o the .· s numb ro 

nd th t the nom ou 

ohlorin • In r rd to 

oth r th n dichlorot t 

fluoroat n on th 

d t.. a . n t 1on , it 

ccur oy of thor l ·t v buna .c 

y: b noted ·th no olecul r p o of 

cblorot luoro- ub.ti ut d hydro o bon ith two chlor no to . 

tt ohed to th 

ot •. s nuldbers l 

e o rbon to oa.n y1 ld singly-ell r d ions 

nd 137 xoopt, po 1. ly, by reco b n ion 

ot ion 

1sotop 

lth n th · s Furth r, ditf r c in 

bund nee r t os obt in d wit h t o sampl s or diohloro-

t t ·· fluoroeth ne pr red :fro di feront sou cas of ohlor ne, 

r u1t r proauc ible hen th pr ~1 r tio ro ra e t nd 

th t r1 l l y ed on a tr ren t r. I ot t r by 

di!' r n op r tor. 

(a) llz-oocur~ins Com12ounds of Chlorine 

can be from 'J..\ bla v, ov r l of th isoto e 

o.bun nee r at io f orth "'u kno l · a le o n d r bly 

from th m ~n i·otop bund nc .. t io of t ir b o ett1 . · 

42 



d • bl VII aho s pro b lit1 th t tbes t nd 

di:t':t' re r ue o ly o o no natr en 1 oon 1 ion . 

to 

( e ipp ndix l) . 

r .BL .. VII 

I ! 'lt I ... DIC L 

a 
e 
9 

B 

t O. OlO 

t 0 . 002 

... o.oo3 

- 0 . 01 

-0 . 007 

- 0 .• 012 

t O. Ol9 
Se.r.nple 

"stand rd" 

-0.012 
s mpl B 

and rd 

TI 

0 .. 002 1 

0.023 2 

0 . 483 1 

0 . 289 l 

0 . 001 l 

O. Oo5 2 

0.004 l 

ot o loul t d 

not o lou t 

Con ide a ion ot th un nown s plas" ith 

ell ot1er 1 po l ps ot ore intere t th n ith r 

re p ot 

spec to 

th rbitr rilY sel t d 's naa.rd ' . In this connection. it 1s 

ot in e e t to note hat the v e isotop a bun nee r tto ot 

the t 0 n ly eo of s pl a and th 1 utop bundo.noe ra io or 
s mpl 9 d rter fro th t nd rd by th tne ount . t e 

43 



o arn 1 o • ro the s me 

the asults 11ltlY be con d r d a 

u in 1 tro t lk Poi t 

rhar no dift r no in 1 otop 

found . 

lt b d at dttf r nt l v ls 

oonfirm t;1o Of' tbos obt ine 

o. 2 1n (s e T ble III) 

undn io ith do t-h 

Th l~ trt ~ 1e in 1 oto bund no tio 

b tw n naturnlly ... ooourri tar1 l found b tw on Sllm_l . 

2 nd 8 ( n 9). Fro r l V 1 o n an t (t ki 

hal1t tro. De r it d h lit t I land, ui 1 a, . 

44 

d1ffar n tb 1 ohlorin isoto e bund nee r t1o by ~ 0 .012 • ( - o . 01"' 

• 0.02 , or 24 p t in approx m t y 3100. The ob bility t t 

bi3 .lfferano . we.s caused by i t u ent 1 r a tion caloul t d 

usn., th · thod u van 1n II, nd s round to b z ro 

thin th 11 1 of the . he.· tioa.J. 

n ord r to b ok th . d t 

b ea . 

lso ·th reproduoi-

bility of th ~ethod • wo ct l 

and 

of iehlorotot tlu x-o-

th w re prepa~ d pl c> trmn. vory 

• e l. bell d · mply S p e I nd an fro D troit. wh o 

a nd B, p ot1 ely . au 'l 

co p iso~ th t 1 , with o o 

A nd H • e analy d by 1raet 

t m rvi h standard , 

on o. 3. 'fh resul obt ined ( r bl V) 0 

th hal1t tro D t-ro1t h s n 1eotop no r t!o 

h n th t of th h lite ~o ver 1~1 n by nd 

of 0,01 , or l rts in p tely 3lOO. Thi 

r ult 1 oo r ant 1th t 1e 2 rt., in lOO 



o t in d ·th a ·p c r o t r o . a, 

n 'I by comp... 1 o third 

(a) Jyn h tic 1 ls Oo t lning Chlo 

t'Ol' 1 1 t 

ion , 

l 

lor in 

.. • 
s 

0 p 

cone rn1 

45 

diohlorot. · t luoro th 

notio d 

le 10 d ll er 1 o d r . 

ioblo 

l tiv 

16 .• rt 

n rich 

or Odi 

OlJ 

or 

bl I) 

(5 p 

ot t 

woul b 

r ct. on 

t.h co 

h th t 

.a, o t.ro ric s of 

uo:ro no pr . 1"0 · ot Q 

l h t th Cl35/Cl37 t 1 

0 t r th ,. t nd y 

in p 0 1 t ly 3.1.00 . on 

ent o!' Cl. 7 in l orata 't 

c lo id n n of O<l c l 

1 fro t e o 1u ohlor • 
d .• 

he 8\lltl of h a y . ( 

sho h tl od urn te 

in roxi ly 31 0) 1 0 p 

u ohlor1d • 

I 1 8 d t , •hil t th 

pect d to cone n~.~ n . . ... 
(01 .. ) 

r ct. on involv 

u n1 to t xoh n 

e chlor tet 1'luoro t n 

or 

oov ~p qt· 

(ll) ' t 0 1 , on 

t pre by 

r bt in n u ed 

los l.O d 1 • 
n ,·11t'htly h .)1 r 

bu.n<l 0 n tb t 

. o yn 1;1ic lly , l3? 

lor t , th oleotroly is 

y b ore pid th n 

n , t d t in bl 

oth v 

I 
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h1 h r 1 oto'P t r d rd , 

but th • ·pl 5. on th v ~ s , h n iao op b 

r tio o· 6 p rto in 3100 1 s th n ·th t ot iJ pla 3, o rr pon 1. 

to sli~ht nricb nt 0 Cl 7 in S ·mple 5, relD. t 1: to S r.1p le 3 . 

l s prep ad trot h lor 0 pl 3 ft 

nin t en day quilibr tio it iu ehlori of 

i otopa bund no r · t o, b. d ff nc ot 6 p rt in 3100 

oorr onda to sli h axon nge Oj' chlorine isot ope . ln th 

dir otion predicted by the thaore io l e q 1libr1u oonst~nt . 

(Th s ll n ount of pot · ium loride recov r d fro volutio 

o . l 0 ith t ho ot s 11.1 ohlor ta hould t d o ke tho 

6 p~ rts in 3100 1 !tlt l.y lo 1 t te of th · dl ft' r Q,'lC in 

s mple 3 nd 5.) 

rh resulto hown in :l ble VI tor dichlo:rotet ... 

tluoro thane s le '7 ar inter t l ng , 1no this m teri l , 

pot iutl ohlor te , (fr :~ , ~olution No. 2) w · lla ed to 

e u111brate for short r ti ( l6 day · i n te d of 1 ) but o s 

much ~ r er d1 tr r no$ from S 1 3 n s pl 6 do s . The 

a.v-er e differ noe in 1 otope ab ndHnoe r t1 o bat en t l pl a 3 

nd 1 i 2 

VI) . 

rta in 3100 ( o 1 cul t d rro tih d t of T bl 

It s e , ~h reto , tb t so e xoha e or th 1 otope 

ot ohlor o n be obt n d betw on chlor1d nd ohlor t ,,o 

in olut ion., sp o lly 1n t h pr s tcG o n nmll mount ot 

sulfurio o {th en i 1 dirt r nc b t e n he content~ ot 

Solut on No . l nd lo . 2 tro hie d1o lo~tet luoroa'than 

w n:lples 5 nnd 7 r pr r a, r p eoti v ly) . 

r 



'l'h r: thod of ric 

iohloro e oonv ni nt and useful 

on • ~ur. l o t1on o th tet ~luoro th 1 n formed by h 

1 d or ~ flon~ is d air bl , but ouo 

su ply 0 hi · ou.nd h ba n rep red ua stor the 

p t on of icllloro · tluoro th ne y direct union ot 

chlorine nd tetre.tluoroe byl ne oan be eco pl1 h d r p d ly 

nd oonv n1ently . Th1 1 1n oon ~r t to th rep r :.t on of 

c rbon t tr Gilori hioh 1 oth in usetul eub ·t no 0 

th a eot:ro t io l y 1s o clllo:rine . 

Tb perto · nee of d1ohlorot tr fluo oathan i n t 

1 s spoctro et r loaves littl$ to be d a r d; it i p. ro-otly 

no - oorro i v , an exhib t no '* : or ff ot tt • in cont t 

ith , ~ y , ars~nio trichloride , hydro 

t elt . 

chloride ; or ohlorln 

·ven n tur lly- oeourri chlorides er nv ati t d; 

a :x. sa.mpl· ot h lit and one of 0 mal l it • Five ot the 

lorido co fro dirt r nt r • nd or the • tour re 

intercomp red by · n ly es invol v-1 th ·an *'stand rd .. . 'l'wo 

oo p rison er 1 0 b tw pl rom th s . () 

loo 11 ie • ·i1th act 0 th 1 tter , h t et th t no 

dif:f' reno in th isotope bundtlno r tio or ehlor n was found 

i n h l it t kon from different :pth in t ;o differ nt al b d 

47 
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india tes th t .ltttl pr t r~ntial solu ility o 1st bet ~on the 

1 oopic 0 1f c tio of odium chlorid • or , th th lt 

beds ere l 1 down un r non• ullibriwn condition . • 'rh 

ug t on t at p 1 of s ple.s tr y na 0 0 fro oqulv;~l nt 

• i 0 0 o po it1ona 1 h n fr ction t ·d l y r 1 .. 1 on ed 

seelll unl1 oly in vi or t.h s1t1l r r ulto o1.,t ined 1 h 

a pl t-s:o t o iff r~mt s . 

Consider! the four anl'ples rrot1 diff rent loo 11 es, 

the isotop bund no r 1o ·or t~ 0 wer uft1c1en ly 1:m1l.r 

to c }. 0 er nd to th t ot the " t nd rd s to giv no rotnd 

tor cons ,r'ng tho.t natur·l v ·riation axi ted . The ieotop 

bundanoe r tio () th oth r t 0 ; ho ver, e u:f'1'1o ontly 

th o. oh o ll r dir otly , nd when different, both ·h~Jn oomn red 

C()mp r d 1ndir o 1y thr .,....b th at nrd" , t t it is cons i d r d 

that natu 1 v ri tion h be n tabli h d . ifferanoes 

foun4 ( be~ t)D lito from Detroit , lJiQhigan and h 11t from 

very lel d., Lo 1 i ana} in th c135/c137 r tio b t on l 

nd 24 p!\l""tS in pryroxi 1 t ly !llOO, 01• a out o.o .. o.e Thi " • 
oorre n to n ve itt reno or o.oo24 units in th to 10 

ht • In th1 inv t t1on only a r ativ ly f 'l m 1 9 

w ro tud1ed, no th di:tterenoe tound oonc rn only two a.1mi1 r 

1n&4 l • hf) i'l CtU 1 r t on ln n t uro y b cons r bly 

le.r r; Ur y ha su_gestod · that " d.if':f' reno of 0 . 031 tom1c 

woi nt unit y o:x 1 at':, ( 11 ) • 

"'xp r nt 1 vid nee s be n obtajned o in io t 
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th t ali."tht :fr ct1on .. t1on t ke~• pl&o d r i the 1 otrolytic 

propar1tion of sodium ohlor· te from o iu chloride. 

' ilo 1 t p$ rs ll t om. so par "ion of 1 ot ones 

m y be obt n d through the xc ng of ohlo ine bet eon ohor. to 

nd ohlorido ion · in s ..~lution , furth r 'Ol.·k ia neoes,ary o 

, t blish this th c rt in y . 
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_S§Umptlons 

~h~o;r,y: 

( l) that i and y are independently and normally 
distributed, or approximately so . 

(2) thatvis the sarn for both "standard." and 
"unknownl'i . 

The hypothe is is then set up th t mx • m.y and th 

probability tll a t this is so ca· .crul& ted . (J p1•o ability of 

1 ss than 0 . 05 is evnsidered ne ·ativa answer) . 

r· the hypothesis is true then 

~j: ~i %1! 
and, therefore, t (t2 is t:o e po er to lthioh 'ttett 

-2 

= * - ~ r 
(Jj-ij 

is raised in a norm.al d1 tribu-

tion function) 

The pl'ob 'bj,ii'0Y thr 'C tbe diffe;rence between the "standard" 

and unknown" I .A. R. s {.X ... Y} confirms or rejeots ·the 

bypothesia may then be obtained from o. t ble conta ining the, 

probability that rious values of 'tlt ~111 be exoeed ed. 

II 



0 ' 

No 

ub cri ts 

rh e ar th ame a ror ~DT . I , and lso 

e ollo s1 subaori' t follo ia~ . ch r eter ret¢r 

to :r1r t , th 

or in the '0 

e e.rim nts.l n . be~: the u.nkno · " 

it 1 . a~soci t ~, nd ccn ly the Analysie Number. 

Cbu not rs 

h · tH116 t 0 lj t n PP, IDIX I . 

•rhe e1.. as tllO .. d) for ·· l? t .. NDIX I . 
Theory 

oh or "m1kno { 1) and unkno'hn" 

( J) (t.,n a. 1 lysis refJ'.'r~ to nftt of; "st.undardn , "unknown 

.,st nd: rd n) wbieh ar norm lly diu :ri bu ~d thus; 

I"',__ ) 

'Y fcxt,): N ( ""ic, ~- ) i ( I lj,) - N lit?\ ij4 > ;-;i,;l -
c-"'-t'k ,, 

~ N ~ '"'i )1, 4~,} 
J ( j~1)? N ( /tr'yirJ ~- } f ( 1j,) --

l"' f (iii,) ::: N ( ~ij1J ~~- ) 

t (li,, )~ N ( v~ .il'\,11)\ 
41'1-. -"''}"' -.) ,.Yu 

( , .. :t.. 
( r'- ( ,i;~) 

... rv /)tl-. --

1 l.1 h) ~ N f - 'tJ 1 I l)'t -. ) ....,.,.,__ - I ~J'\ 

iC ,I, l. J ,., i. ) 

( "jJl) N {l)fl-· r'- ) ' 1.) 

~ f -
1 l,yit)-:. N l ~Y'~ ~ ) 

- }Jl. ----'"''ij'\ 
l'"Y'-~ 

i ().j.j,) ' N ( ""}j~, r'_ ) 
f C~.i,l) = N ( ~l ~--;, 

~- -~~,) ~1ii,) 
III 



By o .n.-: .nd v n ~ t h tun t1ons t i ln ch et 

of ri ie ot t 11 to , und 

i' 
·ror -. 

u,.., 1 u th u:>trt ct ion o.l· t · no .J. d 1 t 1 but ions 

Oqmbi 1.. th pr o n :four e~ u: tion · 1n ') lrs nd 

di 1 in by o iv • 

f ( XL I i. fu i,.) ~ 1\J f( JV\ - M . ) t ( -t t f- t + t t) 
1 Y f t J lCt", yc., · ~C:\. Yi.\. 

IV 



.. ub 1 the la& t o function y1 ldo a function • 

( ) 

h oe e n ( J - Yi) aD s t nda d dovi t1on 

OJ-~ ,. :,_ f~/--JJ_t-fit ~- +-kt-Ji_~~-~ ~) 
t e Yt.· r,· ~ yl\. xi, Y;, '~.iL Yi\. 

n flun 1 d a i .. or th a ana. r vi t1on (v) 
n\~square of deviation 
~ of an I. A.R. from mean 
~ I)\ sum of n2 for one 

analysis 

y te 

' u i 

betvte n th ouno . f tho t o "unkno 1ne a i v~n h;' ( ) 

t ha rob b1lity t h t t ditf' -:renee 1 · s1 nif1<:t nt .tru y be 

t r in eel aa in • s. .. : •,l Dll 1 , a t r ··lc tion o.: 

v 


