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INTRODUCTION 


( A) Gener 1 

n 1948 , 'l'ho and others (1) f otmd vari ions of as ueh 

) . 5% i th i sotopic con A;:r t or boron in nat re . Since t hen 

var i ous wor ers (2, 3, 4) h ·v, carried < t. similar .i nves t i ~ations 

but ith confl ic ing r esults ; some i"indi no variations t o nth n1 

the pr ee · sion of t heir ~ e.asur ents . Th pres ent ·ork is an · t t pt 

to resolve thos ~ discrepancies an d inves ti ate t e error in this 

t pe of r; easur · e t . 

(B 'Histor i cal 

11 i sotope 11(1) Discovery of t he name was inv nted 

by Frederick vocld;y in 1913 to designate ·elementary substances i dentical 

chemic 1 behavior and t.omic spectrum but differin in radio active 

properties . Tt1e f irst i ndio t..ion of' the existence of isotopes o.f non

r adioact ive element "' was t he positive r~o.y - .periments on neon by J . J . 

Tho on (5) i ~ ic p rticles of i< ss 22 wer e observed lo p, wi th t he 

expected p<ricl s of ass 20 . Unsuccessful at tempts to isolate thi s 

unknown constituent by cheJ ic · l methods followed , which , t oget her wi t h 

As ton 1 s invest i ra:t ion of neon 1 t h the ma s spectro .,r aph (6) , t1uggested 

t h t the constituents of mass 22 · nd 20 lc;ere isotope · of eon , Ex· in

ation Oi oth r elan ,nts ith t he mass spectrograph revealed t hat any 

of then were composed of isotopi c mixt ures . 

~~~~~~~~o o~p~e~s t hou gh the isotope, of an element ~1~·~1~o~t~ -
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were believe to be chemic lly identical, it w s ho~ by Lord ay

l eigh (?) tb t gase dif ferin ;, only in th o t he .• ol cules 

could be aepar t ed by diffuoicm. This <fa"' e rimentally realized 

Her t z (8) , who a.ch eved. consid r abl septJ a t i on of the isotope of neon . 

Fract.i.on t ·on of t he isot.opeo of ·ercury by di till tion w e de onstrated 

by Bronsted and Hevesy (9) usin , nsiti e demdt.r ea&\u~em. t • 

he ap' .lica1-lon of quant st tistic 1 echunics to chemic,l ther

modynamics and kinetics predicted that e 1uilibrium nd r t canst nts of 

re· ct · ons i valvin ' isotope of an elel:! P t s auld be sli htly different 

f or t he differe. t isotopes . Sue if'ferenceo were c lculated or sever

al reuctions of ll. f' t el e t s by urey and Jreiff (1 ) • Ch deal frac .. 

tionatlon of tho hydro~e i ·otop es w ::) achieved by l&Shburn and Urey 

(11) using the electrolysis of ater . 

(3 ) Nutural Abundance of t h Isotopes - Aston m asured isotopic cornposit

ions by photOL'letric met hods on hia ma a spectr a rams, but th precision 

wab only sufficient to sho consiate cy with ato 'c weieht valuos . Dem

pster (12) m.ea su ed the r tio o potass' um 39 to pota3 ium 41 using an 

electro eter tu det ect t he io beams . 

Atomic weight . had been found to be constant ithin experiment 1 

error until Briscoe ant! Hobin on (13) fou d variations in the nto i o 

weight of boron corning f r om di · ferent:. sources . 'i'he calcula tic,ns of Urey 

nd Greiff suggested thnt tho isotopic c1::mt<·1lt of h light elonsent 

mi f1.ht V"' ry in nature . A ma ::> s spectrometric invet~tig tion by Nier (14) 

on the c12;c13 r ut .o in various srur.ples of carbon showed variatior1s 

http:Fract.i.on


dcpendJ..ng on t.l ource, e . g. between marine carbonates and petroleum. 

Since then variations in the abundance of the boron, nitrogen, oxygen, 

and sulphur isotope have been reported. 

(4) The Isoto;12es .2f:_]oron • The isotopes of boron BlO and Bll, were 

discov red, their masses measured, and their abundance ratio estimate 

photometrically by Aston (15) . The first ss spectrometric investiea.tion 

of the isoto ·c bundance ratio perform by Inr:hram (16) on boron 

trinuorid supplied by the ·Iars 1aw Chemical Company. Thode and others 

(1) measured the isotopic abundance ratios of boron from a variety of 

sources and found differences in the ratios of up to 3.5%. A similar 

pro.Ject was un erta.ken by Osber us (2) , who examined boron frot. 
) 

variou sources but found the ratios constant to within his experimental 

error of O.$%. V. Shiutt se (J) demonstratod large isotopic fractionations 

in the the~l decomposition of potassi tluoborate and the evaporation 

ot )ori xide and .t'oun a difference of o·v-er .3% in the isotopic abundance 

ratio bet een boron fro a Central Asian source and boron from an Italian 

sourcl'h \i,"ickrnan and othe:r·s (4) examined boron of geolo · cally different 

origins ranging from ineneous silicates to sea water but found no 

variations in j.sotopic content outside of their exp rimental error of 

o. 2% exeept for sea water boron which l#lS 0. 2;o enriched in B11 over their 

other aemples. It was in · n effort to resolve th se appar nt ' iscrepancies 

that the res nt work wa undertaken. 

(C ) 	 Problems ~!. ~,.e suring ! so . o;eic AlLnn,~nce Ratios 

'I'lle investigations described above have been concerned with two 
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problems: 

(1) 	the measurt>.ment of the isotopic con t ent of a sar.tlple of 

an element , 

(2) 	the mea urernent of di fft:>rences i n isotopic content among 

several sa ples of an elt-..ment. 

As mi ght be ex ected, the second problem is th e mo re difficult . 

I n the mao:s spectrometric m.easurement of an isotopic a.bund 

anoe r at io, the samp l e must be processed to a f orm suitnble f or ioni z 

i ng i n the ion source, i. e . a eas or a. solid depending on th1~ instru

ment used . A portion of t lH; sample i s ionized uy an electr~m beam, 

the ions accelerated by an electric field , collim11ted into a berun by 

ellts , <ieflected by a magnetic fiel d and those of a particuh.r m~tss-

to- char ge r atio collect ed by a i''ar~da~ Cl:l.r:' • 1'he ion curr ent passes 

through a very l ar ge resistor ( about 1010 ohms) in goin from the cup 

to ground potential: the voltage across this resistor is amplified 

<:md t he resulting signal read on some i ndicating device, usually a. 

servo-operated chart recorder . Dystans.tic errore i n the isotopic 

abundanc e r atio can be classified as: 

(1 ) 	f r actionation of isot.opes in the processing of' the sample, 

(2) 	mass discrimination in the spectt-ometer, 

(3) non- linearity in the measurement o.f the ion current. 

Fractionation of the isotopes it1 physicill and chen:tica.l processes has 

been demonstrated (see section B (2) above) a ud can be expected to 

occur i f the sample used in t he instrument has been prepared f r om the 

original sample by methods gi ving l ess than 100% yield . iass discri 

mination can be described as r esultine f rom the dependence upon mass 
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of the efficiency of the in· tr e t in ionizing tho s ple in the sour 

ce an collecting the ion bea~q at the Farada cup . Thi t> effect is ser

iou · if the 1 a oses being mea sured ~1 re seleot ~.d by varying th 1ectric 

accelervting field (electrostatic scunning , since this f ield strongly 

affects the efficiency of the source. ron- l inearitj· can occur in the 

collec ,or cu resistor (si ce it is difficult lo mak very high res

istance Lh< t obeys Ohm 1 s law exactly), the nmplifier and th~ recorder . 

Non- lineari.t y can be detected by straight for Hard electrical 

meanurPments on th e var · ous components . If the eld of preparatio.n 

of the sar,Jple is known , an uppe limit to th isotopic f r actiona tion 

oc curring in thi s step can o.Bten be estil1· t ed . &5 discrimination , how

ever, i both theoreti cally intractable ntl experimentally inaccessible 

by mas s spectromt:lt ric eam rem ~nt s . The mo •'t that can be said iH that 

consi stent results can be obtained 1'rorn d · ffer en t i trur,fmts under 

certa in cor,ditio s , but U ere seems to be no i 8Y to etect a y system

atic error comxnon to cl.l . 'i'rue i sotopic abund co r atios 1·sill prob

ably r e..1uit·e the u ·e of standards determined by other methods, possibly 

synthetic preparations of separated isotopes . 

The pr oblem of compar inr. samples :lith respect to isotopic abun 

dance r at i o pr esents f ewer difficulti es . Si nc e the quantity sought is 

the r atio of t he isotopic abundance ratios for b~o s ;Jnp es, the ass 

discrimination facto r cancels out entirely an the non- linearity factor 

bec on1es n s econd order effect provl ed both samples a r e me· sured at 

about the •.ame signal level. Isotopic fractionation i n the sample pre

p ration can present er lou difficulties, hm ever, since worl,er s 5.n 

http:Non-lineari.ty
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this fiel are often intere t d in sar.uples of different chemical 

origins and, unless yields are close to 100%, isotopic fr;;ctivn

ation differing in extent betweer1 sm. ples can be expected to occur. 

Random errors are produced by fluctuatiorts in th operating 

cond · tions of the instrume t, u p n wl,ich the ma ss discrimination 

f;:.ctor depends. Hence, the reatest possible stability is re.l\.lired 

of th~ control devices, and, to keep the effect of drifting of he 

operating conditions to a minimum , the s ample;; should be compared 

in the shortest pos :. iblc time . Ja.tisfyi g this later re,!uirement 

1 ads t o difficulties with certain compounds which exhibit "memory 

ef"fects • 11 

11 .emory effects" are produced by compounds which have a strong 

t ~ndency to be adsorb"'ld on the walls of th e spectrometer,. the most 

notaule exaraple b~.ing boron trifluoride . Aston (17) remarked on 

"the extraordinary power (o.f boron trifluoride) of resurrecting 

the spect r·a of g ses -vrhich had boen pr viously used in the discharge 

b\ lb . " Hence, if two samples are belng compared, a s< "ple may be 

contaminated \lith the one previously measured, even though its ion 

current ha~ CO!upletely dis appeared . The only remedy is long !'lush

in, with the "' a vple to be measured before measurements are taken, 

but precision is then reduced because of instrument dr ift . 

(D) Scope of the Present · nvestigation 

The experimentt> d ascribed below \-were undert aken to check the 

differences in isotopic abundance ratio found previousl r in this 
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l abor t or y (1 ) in vie or t-h e r t;ce t r eport s ind.i atin little or r o 

V"riatinn in isoLopi c c ont en t of natural boron sample,., , on;..< t o study 

t he pr t: .ar .ti ·n of uiffor (mi:J bor on compou. ds t . 1 prove th e pr ecis 

i on o .' comp c. 'i n g isot op ' c abu artG e r atios . 

A desir blo eo pound f or us e i n ~. ta -type spectromet er 1nust~~:.. 

( l ) 	 be prepar a bl e in high yiel f rom t hE; r e-1uir ed s t · rting 

mater i a l , 

(2) 	be suffic' ently olatile v.t r oo to per atur e to be tiasi . y 

handled in a vacuum ·ysten~ , 

(3 s. O •l n "<'.1err:or,,: effect 11 , .hi ' l ,.. · ::..1 be sc.tisf ie . if it 

does not r eadily f orm co- or inate · onda . 

A cla s ;; of c o1npour.·ds sho Jin 1, v ery lit tlt, enae Cj' t o fo r:n ' a -or e in

a 1. € 1 bonds is L e nl kyl Ct1t e r " o f l· ol'i.c a cid. Th e rwst vol atile m erll

er, ·!ethyl borc.t t~) , ~>ra ::J cho!:.> cn i'or i nve ,·L.g<..:.t J. ;n . llor m t rifluoride 

was lso studiea., partl~ bec · u e it i s s tep in t h prepar· tion of 

deu.i t'l r a tcd iborane , f or w ·. ch "' s t udy i l)l< r:n cd • 

.lt e s ar::ples stunied are t he two boric add samples wh ich 

ol iOHed th(~ a; re ·,t e::;; t, · iff e r Emce. in isotopic bun( ance r atio i n the 

pr e ·o · ~1 i- , sti ~:_.::..ti -r. , f:r o.c '- t a_, ,.. urt, J cr e. n , anc · r e s Lorros , 

~,reen ina prt:.· JYr ' b;r ..or :.x onsol id t ed , London , ._,ngland . 

http:L.g<..:.tJ


( A) Prep · atlor Qf !iamp os 

(1) Pr ep • thyl Sor at e - ~ethyl bor fa tf:: w ~~ prep<H't~d t olJml

ir g ,be method of 3chl.singer and other;3 (18 0.1 ID'Jles of bo. i c 

ac i was conver t d t o bori, o · d.e by heatlng c;t 200"c in a v t-tcumn 

fo r t •o hours or n.ore . he boric oxide as • .. d ed to about 0 . 6 moles 

of methanol ( synthet.:..c . r ut' e o.ried by r , l u.xinP: lt<it 1 mapnesium) in 

boilirJg f la sk. and the Jni xtur e distilled throu,,h · f r ac t ionating col

umn . he n.ethyl borute-meth nol azeot rope "~rm._. t aken off at about 54 ° 

C: ut the en a t he reac tion, t he overhead t e perature roao fairly 

s har pl y t o (>4°C. 'l'h e az eot rop e (ubout 75%methyl bor" t e) >v'c .•3 t r e< ted 

with about 2 g ~ s . vacuum- <.l.ri ed lithiur:t c lorid e , whiuh dissolved i 

the ethanol , ca1 .s in1; two 1· y~.;rs to 'orll, wii h t 1 , mot 1yl JOr ute on 

t o .J lithi w, chlor i d - satur a.te meth ol b ,lo> . e n ethyl bo:r

a te ·a · the, separ at ed by pi ct i :1;;; . 'a· e had t o c- t en to k eep 

contact of the ster .dt h mo ' s a i r ,o e: minim m, s inc e it hydrolyses 

extr emely ra,pidly . 

Durinp the tria pr epar ations using U . ~> . P . boric acid. cr y

s t a l s , iwc f r action<Jting colum s w re used , a.n electri c lly- heated 

odbelniak :olur ...n 50 c • hi gh and mm. i n diameter r· ted t 2.0 

pl tes a t t otal reflux and a la. t1 -: helh- pa.cked column 60 em. h i r,h 

and 1. JP • i n di meter estimated :.1t ••• rot:.nd 10 l ates . Yields obtained 

- 8 
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wi h e i h a1· c:ol n1 .r e ,., our!u 65 - 70/ . Var y n, t h ·~ met anol-boric 

aci _ole r at o between 6;1 and 12:1 di d not appreciably f'f~)c1, h e 

yiold . 

•'he s·rr.pJ e~ ol.' t:oric G i \, 'rom bta ·cfurt and . r ger tina \'rere 

·acle i to meti·yl bor· te oi g tb hcli pa ' ·ed c .) umn ~n t ne h anol 

b cie ad l mo1 o r<J.tit..> of 7 :1. The yielo s obt :nod l ere J 4 <1 an 31 % 

r s p~c:lctively , 

The et!'rub ~' · z e of s Hmplt.t to us it the r;,a s • peotrometer 

i s lo- 4 , oles. ep· r Htlllg t hL· ar.:o nt uno t rans fer r i ng it to a sr le 

tu JG resent ~:! · 01 e r obl ,l' , Elince Jt o.,sos by l ydr ol ysi s due to ex... 

po ·~ u ·e to moL t air or ueh f l l amount of methyl borat e mi ght pro

duce eevore isotopic i'r tlcti .11 ation . l'he method. .finally adopted was 

t o dr a the mut hyl lJorat ~ into an a: poul o.t" a su table s iz.o r1 de of' 

1 , • ore ~lastJ capilla t ubing . 1. he ..1p<:1•J w t • ealcd at both ends 

ano put l nto va u u sy"'t provided wi t h breaK• s eal sruup.Le tubes. 

I it!J ·.h, 6 r .!t e eva.C U6t ed , t he •poule . broken with an 1ron bren . iF 

an the methyl or te froze~" into a sample tube . 

( 2) !:'r epar. t i on of Boron Tr ifluor i d e - Boron t.rifluori de iias prepared 

by t he th e:r ual ' eco!Pp bit· on of pot.assi r.u f luoborat e , wh:l.ch was pre

p ret. follo · ng th e 11 et d l n nor .ani c Synth eses (19 ) . 0 . 02 rr~ oles of 

bor · c aci w· "' a d e • lo .1ly t.o 3. 5 , ,m • of hil ed 4 %hy roflu.oric 

a id i n ' eflon dish , and t h resul t . ng solution left for 6 hour,; a t 

room t e ,perature . 'l'he sol u i on wa~~ them chill d gain in •m ice ba th 

ar d 5' • potfl ·siu hydro::d.tt e c d .ed unt i l t.he mixt Te was neut r a l t o 

http:result.ng
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met hyl orange . At this point the mi xture wa ~· <l th~n paste . Af ter a. 
.. ,·_. 

half h()ur , it vlat; filtered in a f r i tted ,lass cruc ble and the olid 

on th{; filter Hashed with col d v1ater, alcohoJ and ether . 'l'he p ota 

sium fluoborate wa a v;hite chalk- l ike powder . Th e y i elds l'lere a r 

oun 93 .. 95%. 

'l'o ma.ke boron tri fluoride , 0.01 moles of potas sium luobor

ate was pl aced in a nichrome bont pr ovided with a long nichrome wire 

handl e. his wa o i nsert ed into an inconel tube with one end sealed 

and t he other end connect P.d to a ground gL bS joi nt b' means of a 

Kovar seal. 'Ihe tube was connected t o the vacuum system ao shown · 

(fig . 1) and evac a ted to below 10- 5 mm . of mer cury pr e sure . The 

mercury fl oat valve v1 was closed, the 0- trap immersed in l iq1 i cl 

air , and an el ectric fur nace at about 600°C was pl aced uround the 

inconel t be. i•f t er 2 hours, the furnc:~c e was removed, valve i/2 clos

ed, and the U- t r · p all ow d to harr to roo temp r aLure . 'he mercury 

level in the volume ad,jus in b l b wab fix ed at the botto of the 

bulb and th e pressure read on th e m· nometer . i'rom the pr essure and 

the volume of the syst n, th e yi eld of bcron trif luoride wa<> cal

culated . 'Ihe pr essure was then ad~justed by means of the vol ume ad

justing b lb t 3 c , , mercury , and a sample taken by closing the 

stopcock between th~ sample t ube an the syste t , freezing t he boron 

trifluoride in the sampl e tube, and s e. lin it of f with a glass 

blowing torch . 

Defore this r eaction was carried out., the vacUU!Il syst mo rlas 

pumped out for aL least 6 hours with the f urna ce a round the inconel 

tube and the gl ass part s r epeatedly f l amed in order to r ewove any 
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tnroughout this investigation was a 1800 direction focus sing instrument 

of the Uier t I n current mea.sm·ements ·11rere made with an Applied• 

Physics Corporation Vibrating-reed electrometer cou led to a Leeds and 

Northr~~ Spee omax recorder . 

The methyl l'orate spectrum was scanned usil (' an accelerating 

potential of 150 volts an a beam of i.onizi.ng electrons of 0 e . v •. 

energy. The principal peaks l-rere observed at masses 10 to 18, masses 

28 to 31,. nJasses 40 to !12, masses 71 to 7 , and masses 102 to 104. The 

first oup of peaks was attributed to B, CHJ.t and HtJ . ~d their fragments , 

the second to OCH3 ~ the t hird to D (OCH.3) 1 the fourth to B (OCI!J)2, and 

the last group to B (OCH3)3. The distribution of fragments containing 

boron was 22%, 63%, 14~ , and 0. 5% for the B (OCH3)3, B (OC 3)2, (ocn3) 

and B fragi..1lents re poctively. 

The B11/B10 ratio measured from the B peaks w: s around ,3 . 8: 

this value is so far from other experimental values that severe ss 

discrimination in tho source appears to hav tale~" place. Hence i 

was deci ed to measure the alljBlO ratio usi '" the B (OCH )2 peaks .
3

The spectrum in this region lias complicated by the presence of 

the B (OCH )2 fragment with one or two hydrogen atoms removed by electron
3

impact, as is shown in Table (1) . 

http:i.onizi.ng
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Table 1 h ethyl _orat e Sp ctrum Us ed 

}!ass No . Fr a mnent e 

a10 (OCH70 - 2H 
3

)2 

71 Bl O (OCHJ 2 - H, Bll OCH3)2 - 2H 

72 Bl O (OCH ) l l ( 'H ) - H . .3 
2

, B OC .3 2 

73 Bl l (OCH )
3 2 

The r ar er i sotopes ot' carbon and oxygen wer e not t aken i nto 

account, since the"r ef f ec on measureing the ttifference i n i sot opic 

abundance r atios of two s · .• pl es \toul d be smal l.. Fror.a t he mea .' ur~., nt s 

of th e pe ks at th e cl.<- 6 number s shown , sitlultant:~ous equati ons can 

11 IB10 
,, 

be s et up i n t he B •rJt i~ ·and the ratio of t he amounts of frag 

ment s wi th one and t wo hydr ogen .s t oms removed t o th e amount of t he 

original fragment . 

I t was f otmd that t he B {ocn - H I B (OCH ) rat io was a bout
3

)2 3 2 

0 .15 and t he B (ocu ) - 2H I (OCH ) r ati abo t 2 x l o-J f or the
3 2 3 2 

oper at in conditions used . 'l'he resul ting correction reduc ed t he pre

cision of t he a1 IB11 r · tio values t o l/2 that of the r atio of the 72 

and 73 peaks . 

( 2 ) Mea sure ent of the B1l ; B10 Ratio ethyl Bora te - The spedt 

r um was s cenned (by var yi n t he magnetic deflecting fi el d t' r cm ma ss 

7J to 701 the direction of scanni ng r ever s ed, and the s ame peaks s can

n ed n th e rever se di recti o • Th is pr ocedll'r e wa.s repeated six t •mes, 
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then e s ple wa n clv.n;; and s .t o ' pe· s taken in .he wne an

n cr .vi .h the new s mpl • 'n '3 b o ~ .ples eine compared were measu:P. 

ed ;;lternutel:,y in th ;} l ntil t hree or i'ou:r' s ets .o:f peaks or ob

tained with e · ch s·,mpl • '< h :rapi ity with which the ion currents 

d.i.sappea r ed u•)or• re· oving tbe sru;,ple &ug ested that the methyl bor

at · sbo~ted l i t tle t endcncy to b e adsorbed or the wall of the spectra-

meter tube . 

he Lt:er ence in isotopic cont en !'or t he two s ampl es was ex... 

pre ssed a:J the :ratio of their ull;BlO ratio • 'hi wa calculat .d by 

divi< ing t Le Bll;nlO r tio obtain~d !'r o1 a et o.f readings on ·he on e 

su ::tpl , by the average B11; B10 r a t i o obt ·ined frOlll t he two "bra ketingn 

sets of r eadi gs on th. oth(~r s ample . 

(3) !iea sur ernent of th . n11;a10 H.at:i.o 'l'rifluol"i .e - rho mass 

spectrum of Loron t. rl luor i e has bee des. rib ed by nrthrwn (16) , who 

f und that over 9 '.' o f the boron detected occurs t t he F2+ f r agment . 

hi s f r gment w s used f o r t he n.e 001. .nts and, to a llow cot·r ecti 'n 

. ' . .... ifor i nt erfer euc e .fr om ..., ' ~l' on , ma1~s 1..7 wa· include in the scan

ning alone ~vith mass s 8 and 49 . The rnea •urements were carriea out 

in th~ same man e ~ as with met .yl borate c ept that , a t er the s pl e 

wa.:. i ntroduc ed i nto the spectrornet ~tr, it was allow d t o f lu,sh the .pee

tro et~r for 10 J · nut. ,s OH 'ore ea ·ure ents were st rt d. in order to 

r educe t he "memory eff ct" of t e pr e vi ouf snmpl e . The tot al time re

quired L. mak e a uet of measuremrmt s , inclu i ng the sample change , was 

about JO minutes . 



RESULTS 


(1) 1-~ea.Ju:rements on l':eth:~ 1 Borate - The average ratio of all;u10 or 

the t)ta s s furt sample to Bll;BlO for t he ~rgentine ~ampl e was 1.023 

with a standard deviation of . 007 f'or six measur ez t . The aver

a ge Bll/BlO r ut i o f or t he 3tassfu:rt sa.aple wos l • • 17 :t' 0 . 3 , for the 

Argentine sa.riple, 4 .08 t 0 . 02 . The standard deviat ions for the Bll/BlO 

r atios obtained f r om encb set of ssix r >adings ranged fro 0 . J'/> to 1.2%. 

( ...,) ' l) "" . P1 .td T rJl B10,_ l ea sure.ll~ent s on JOror1 l rJ...: · uor ""' e - 'he avera~e ratio of u . 

for t he Sta.s sfur t sat.,ple t o H11; al0 f or the Ar gentine <.>ample , calculated 

in the s ame manner as wt th the rrtethyl borate resulte , was 1.021 wi t h a 

otand<JTd devi¢ttii:m of 0 . 003 f or f ive mea .;.uror. ent s . T e a ver ge Bll;a10 

r atio for the 3taa ~3furt s an:ple wa ~~ 4 . 156 t 0 . 006, for t he Ar gentine 

sample , 4 . 067 ±' 0 . 015 . The standard deviations for the B11; B10 r atios 

obtained fr<n each set were about 0 . 2%. Gorrectlr.n s f or t he ef'feot of 

Si F+ were about 1%. 
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DISCUSSION 

'I'he I' (H.mlt•· obt ined frorn n1ea~mrem0 ts on the boric acid 

sarnples from Stassfurt. and Arg~nti.na by Tho a.11d other ::; (1) and 

by t o · uthor are shown in ;(.'able (2) . 

'h t.1 variat i ons :tn the ratio of (B1l;B10) St assfurt to (Bll;sl ) 

f.ir gentin , wi th 'lfhic h this Hor k i s mainly concerned, a r o dif fic ult to 

account for , ...i nce, tw expl a ined previOIFly, one l'foul d not expect · 

sy s tematic error i n thil.J rntJo a ri t1 intJ f r om t ht' mat; s spectromot:ry, 

Th e exception i s th r 11mereo:ry effecV' , wbi ch \~oul:l produce l ow 

res1tlts for th dif fer ence J.n i sotop · c conttmt becuus • of contamin

Hticn o~ one s ample by th e~ oth er . This e f foct would be exp ected t o 

be gr e t t•r in the boron trifluo l"ide mea s uremont than in t h e ethyl 

borate measurement> since t h e ester i s kno>n:i to bo it1ert with r es

pect to t ho .formation of \!o-ordinata t o us. ho met hyl bor a.te re

sult s , however , o.grec with th . l ower ho:ron tri i'luorid e results: 

there.fore, the m mory eff ect appears to have e0n ·mall in these 

measurements ~ 
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~1b1e- 2 	 Compa r i son of Boron Sar.··pJ es 

Bl l/ElO 811; 81o 
Ion Used hcthod of f>~easur ementSt assfurt ar gentina 

(a ) 
BF2 4,4S3 :t 0 . 010 4 . ) 20 1 0 . 009 1 .037 90 co 

sector ma s s spectrometer 
"ma cnetic scanni ng 

(a ) 	 r ·· ~ 


c> DF 2 4 .371 ± O . OOl~ 4 . 2?8 ! 0 . 003 1 .Ga2 1 	 mnss sp ect Yometer elect-
r ost a t i c scannin 

( a. ) 
B 4 .422 	t 0. 004 4. 270 :t" 0 .001 1 .035 l f)0°mass sp ect rometer magnet i c 

sc anning
(b 

B (OCHJ )2 4 .17 z 0 .03 4 .08 :t 0 .02 1.02.3 ;t- 0. 007 180° rnnss spectromet er ma gn et. i c 
s ca nni n g 

(b ' 
BF2 4 .156 I 0. 006 4o067 i" 0.015 1 . 021 .! 0 .00.3 l SOD 	mass spect r ometer n..agnet.i.. c 

s canni ng 

( a j 't'hcde and other s (1 ) . 

(b) Pr es en t workl ,_. 
·
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A l o yield ln the reparation of a s .,ple could produce a 

systematic error due to isotopic fract.ionatio , but it is claimed that 

the firs t t ,,o e surcments listed in tab e 2 , hich show a. larg dis

cr epancy, where •. d e on the same preparetion of boron trifluoride . 

However , th. results ur e sufficiently consist ent to indicate 

a iffereuce o 2% of mo r ~ in th e isotopic content of the two boric 

acid san ples . 'Ihe pos s i b ilit r . of isotopi c fractionation i n the pre

parati on of boric acid f r om tho ori i al mineral n must be consiuered . 

In t he ca. e o t he ~ita"sfurt srctm, lH , the bor on occurred originally a 

boracite 1 oric acid i e obtained b' adding hydrochlorMg3 B7 13 Cl . 

ic acid to the mineral i n aqueous solution , at. wh i ch the boric acid i s 

precipitated . ' he hr gentine sa.rttple was obtained fran ulexite, 

t a Ca B o . l oH20 , f rom which boric acid is precipitated in a similar man
5 9

ner , using sulphuric acid . Unleos yields are very di.ff'er ent, the similar

ity of the processes a.kes it unlikely that ' n appr ,c i bJ.e difference 

in i sotopic carttent woul he produced . The differences in isotopic 

content obser ved , th .ref'ore , probably repr es ent variations in th~ orig

inal minerals . 

In co Jsidering th e result"' of thos e workers who found no var 

iation in the i "'otopi c cont ent of bor on f r o various sources , it must 

b t, rero.ember c-d that wi t hout "o e i nformation on i sotopic f r actionation 

mechanisms for boron, it i s < matter of chance whether samples are sel 

ect ed th t differ n1e • ur .., bly ir; isotopic content . However, the de 

extent o t he investigation of v1ickman and other G ~hould have ensur ed 
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the 	i nclu i n of s · pleC$ sho · i ns these difi' E,r ence , if t hey eJd. s t. . 

he m 10ry effect of boron trifluori d e (us ~d throu o-hbutJ t heir i n

vestigation ) would p;iv err-or s tendi n ~ t o sup )re :Js cli f f rP-nces i n 

isotopic content . J'.lthou -::;h th's effect ~ppears t o ha ve been small 

in the pr esent wor , i W'Jul ue i ncreas ed by t h fo llcH1.in3 f a ctor s: 

(l) 	large a s or pLive tendsnei es of the 6Urfaces in cootac 

with oron trifl uori e , 

(2 ) quick and. f requent s~ .tpl·e cha ntt eu s is presently the 

pr act-ice · n con1par ing the car bon an 1 sulphur i sot opic 

content of di ·r - rent samples . 

Ao c< n be ssen fro th•J foreeoin~· , the mea sureri1t.mt o · var iations in 

t he isotopi c ·'ont ent oi' boron l ag$ consid er bl y in pr eciston behind 

such measurer.Lnts of som other el e1 ents . I n t he case of the methods 

used n this investigati cn, th e , emory effect of ' or on trifluoride 

ma eo n cesoar y l one intervals bet een Bample c.han8e5 c au sin g errors 

due to lnstr · .ent dri f t, w ile t he complexity of t he methyl boratA 

olecule pr oduces error ;· due to the indirect method required t o cal

culate t be result::~ . oreover, the yiel d. of' prepuration of these 

co poun 's a re too low t o give confir ence t h t diff e r ences i n isotop 

ic content have not been pr oduced i n the prepar tions . 'lhese c i .f 

f iculties will have to be overcome befor e t meas urement of di ffer 

e ces in isot opi c content of boron un be pplied to oth er problems. 

http:measureri1t.mt


C NCLUSION 

The variation i isotopic content bet ween tw·o boron sa:vples 

mea sur·ec by 'Iho e arc oth rs h been ·onfir :med but t he values ob.

taine 1 di ff r b;y (ll1 <J.Inou t : r eatcr than ·oulc b , expected f roJn the 

pr eci5ion clai ed . 
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