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FGACTIONS OF BORIC ACID AND 903IC OXIDE :hTl” 
METHYL ETHER-SORON FLUOFtIDE COI’.PLEX 

1 .( ’ , ‘1 D:iring t h e  i s o t o p i c  exchmge i n v e s t i g a t i o n s 1  a t  t h i s  l abora to ry ,  evidence 
@as obta ined  f o r  a chemical r e a c t i o n  between b o r i c  a c i d  and t h e  boron f l u o r i d e  in 
methyl ether-boron . f l uo r ide  complex, and f o r  a similar r e a c t i o n  between b o r i c  
oxide and t h z  complex. I n  each case it appeared t h a t  a new compound had been 
formed which YES pos tu l a t ed  t o  be boron oxyf luor ide  wi th  t h e  e m p i r i c a l  forrF.uk 

. 

& -  C .  BOF . 
c 

Fur the r  i n v e s t i g a t i o n s  of t h e s e  r e a c t i o n s  have been1 c a r r i e d  o u t ,  t h e  
r e s u l t s  of which a re  p r e s e n t e d l i n  t h i s  repoilt.  I n  t h e  case  of t h e  b o r i c  a c i d  
r ecc t ion ,  d e f i n i t e  proof of  t h e  empir ica l  formula BOF f o r  t h e  r eac t ion  product 
has  been obtained,  and it i s  i n d i c a t e d  t h a t  t h e  compound probably exists as a 
trir.ar a s s o c i a t e d  wi th  one mol of methyl ether’.  

I n  t h e  case  of  b o r i c  oxide, it w a s  iound t h a t  t h e  m t e  of forination of  
(B0F)j  was slow even a t  90OC.  
may accumulate in t h e  r e b o i l e r s  of t h e  p l an t  f r a c t i o n a t i o n  u n i t .  
was c a r r i e d  ou t  i n  vrhich t h e  ra te  of r eac t ion  of bo r i c  oxide wi th  complex was 

Thus it i s  i n d i c a t e d  t h a t  unreacted b o r i c  oxide - An experiment 
?= 

- ,. 11. INTRODUCTION 
I 

Durb-g t h e  i s o t o p i c  exchange inv6stigatio:ns (1) undertaken i n  conriection 
X I  with  t h e  f r a c t i o n a t i o n  u n i t  a t  t h i s  l abora to ry  (2), evidence was obta ined  of a 

chemical r e a c t i o n  between o r tho  b o r i c  acid and boron f l u o r i d e  present  as t h e  
matliyl e t h c r  complex. 
and 50i.011 f l u o r i d e  in t h e  form of  t h e  inethyl e t h e r  complex. 

A similar r e a c t i o n  was four,d t o  occur  betvreen b o r i c  oxide 

I n  t h e  c a s e  of  b o r i c  ac id ,  hea t ing  a rr ixture  of a c i d  and methyl e ther -  

I n  a second ex2eriment a mixture  of  b o r i c  a c i d  
boron 2 l u o r i d e  complex resulted i n  t h e  l i b e r a t i o n  of methyl e t h e r  and t h e  
f o m a t i o n  o f  a g e l  upon cooling. 
&f n o r x a l  i s c t o p i c  abundance a d  e t h e r  complex enr iched  i n  I310 i so tope  w a s  con- 
t a c t e d  f o r  2 week o r  more a t  roon tenperLture ,  a f t e r  which t h e  o r i g i n a l  c o n s t i t u e n t s  
could no t  be recovered and t h e  s o l i d  and l i q u i d  phases were at i s o t o p i c  equi l ibr ium. 
I n  t h e  case  of b o r i c  oxide,  p re l imina ry  exper iments  i n d i c a t e d  t h a t  t h e  rate of 
r e a c t i o n  betwe,.an t h e  oxide and methyl ether-boron f l u o r i d e  complsx, even a t  9OOC., 
was measurably slow. 

5 

Here also,  t h e  r e a c t i o n  product was found t o  be  i n  i s o t o p i c  
a -  equ i l ib r ium w i t h  t h e  excess e t h z r  complex, The exchange a spec t s  o f  t h e s e  r eac t ions  

are d i scussed  i n  a previous  report (1). ’e >: ”.. 
t‘ 

c *  
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Since  t h e  r a t e ' o f  chemical r s a c t i o n  between t h e  oxide and t h e  methyl 
ether-boron f l u o r i d e  com2lex was indica ted  t o  be aeasurably  slow, and s i n c o  
i s o t o p i c  exchange between the  pmduct  of . the  r e a c t i o n  and t h e  excess  e t h e r  complex 
has  ba3n ind ica t ed  t o  be  r ap id  and complete, i t  f o l l o ~ s  t h a t  t h e  r a t e  of chemical 
r e a c t i o n  e f f e c t i v e l y  c o n t r o l s  t h e  r a t e  a t  vhich isot,opic exchange can occur .  
Thus, t h e  a c t u a l  po in t  a t  which such exchange would occur i n  t h e  unit w i l l  depend 
upon t h e  r a t e  of r e a c t i o n  between t h e  oxide present  and t h e  e t h e r  complex. 
F u r t h e r ,  s i n c e  t h e  bo r i c  oxide i s  a seconcjary product of thermal  decomposition, it 
w i l l  probably always be p re sen t ,  a t  least in small q u a n t i t i e s  in t h e  f r a c t i o n a t i o n  
unit. For these  reasons,  it appeared d e s i r a b l e  t o  determine t h e  r a t e  or" r e z c t i o n  
between Lhe oxide and t h e  e t h e r  complex, although it w a s  r e a l i z e d  t h a t  such a 
de termina t ion  would probably be inf luenced  by t h e  phys ice l  form of the  oxide x ~ d .  
by t h e  presence of  t r a c e s  of  impur i t i e s ,  such as water. 

The experimental  procedure,  d i scuss ion  of r e s u l t s  and conclusions f o r  
t h e s e  s t u d i e s  a r e  conta ined  i n  two s e c t i o n s .  Sec t ion  I11 covers  the  r aac t ion  of 
b o r i c  ac id  w i t h  methyl ether-boron f l u o r i d e  complex znd Sec t ion  I V  covers t h e  
x a c t i o n  of bo r i c  oxide with t h e  complex. 

111. 2 E A C T I O N  OF BORIC A C I D  WITH METHYL E'EdER-SORON FLUORIDE CWE'LEX 

Procedure a d  Resul t s  

The procedure followed in ca r ry ing  out  t h e  r e a c t i o n  o f  o r tho  bo r i c  
a c i d  wi th  t h e  e t h e r  complexwas simply t o  contac t  t h e  ac id  and e t h e r  complex i n  
a glass stoppered f l a s k  a t  room temperLturc. 
The progress  of t h e  r e a c t i o n  could be-  fol1ov:ad roughly by 'observing the  appear- 
ance of t he  mixture;  when c r y s t a l l i n e  a c i d  ':!as used, it l o s t  its c r y s t a l l i n e  
c h a r x t e r  and w a s  replaced by a f i n e  x h i t e  s o l i d .  Furthermore, du,ring t h e  course 
of t h e  r e a c t i o n  t h e  s o l u t i o n  remained cloudy wid some gas was evolved. The s o l i d  
was sopa r s t ed  by vacuum f i l t r a t i o n  through a i ' r i t t e d  glass c ruc ib l e  and w a s  m s h e d  
wi th  u h y a r o u s  e t h y l - e t h e r .  
d r i e d  i n  2. s t ream of d ry  n i t rogen ,  t h e  recovared s o l i d s  were d r i e d  and s t o r e d  
i n  a vacuum' des i cca to r .  

groups) using t h e  Karl F ischer  m a l y s e s .  
the s i g n i f i c m c e  o f  r e s u l t s  so  obta ined  a r e  d iscussed  in -a previous r epor t  (3). 

When t h e  recovered s o l i d  from experirrtsni; A "as d i s so lved  in. water  f o r  

The f l a s k  was shaken occas iona l ly .  

Except i n  t h e  case or" t h e  f i r s t  ,mixture, which was 

Small samples were removed i n  d r y  weighing b o t t l e s ,  
1 &;ighed ,=, a i d  analyzed . f o r  elemznts boron and f l u o r i n e  and- for oxygen. (hyaraxyl 

The d e t a i l s  of t h e s e  procedures and 

ana lys i s ,  efferve'scence was observed and an e t h e r e a l  odor vias detec ted .  
t h i s  could have. Seen d u e * t o  abso rp t ion  of t h e  e t h y l  e t h e r  einployed ~ t h e  washing 
s t e p ,  2 second- experiment, By was c a r r i e d  o a t  i n  xhich t h e . s o l i d  w a s  d r i e d - i n  a 
vacuum des icca tor . .  
Even though , t h e  recovered s o l i d  f r o m  experi+mi B hadzbeen. pumped on f o r  45 rninutes 
i n  a vacuum d e s i c c a t o r ,  e f fe rvescence  was again observsd. on pixing wi th  water  and 
an e%?.i!rssl odor was i g a i q  de tec ted .  This .  i nd ica t ed  i - h a t .  t h s  e t h e r  observed was 
p resen t  as ethr j r  of cons t i t u t ion . '  Therefore ,  another  po r t ion  of. t he  s o l i d  was 
ar?,?lj.zed f o r  methyl e t h e r , c o n t e n t  by t h e  evo lu t ion  method (3) in w h h h  t h e  e t h e r  
i s  s a l t e d  out  of an aqueous s o l u t i o n  by heans of sodium f l u o r i d e  and t h e  l o s s  i n  
weight detemined.  

S ince  

This precaut ion  was a90 followed i n  experiments C and D.. 

This l o s s  i n  weight i s  ca l cu la t ed  as per cent  methyl e t h e r ,  
\ 

. 
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TABLE I1 

. Analy t i ca l  Results 

Boron Fluor ine  Oxygen 
mi l l imols  millimols Iriillil?lols E t h e r  iVt . or" 

E s; -- er  gi-am p er  g r m  per gran Evolut ion S o l i d  (g racs )  
. .  

- . Solid fi.o!it 6 10.5 10.4 13.3 4.62 

S o l i d  from 9 16.9 17.0 18.0 0.165 g / g  

S o l i d  from C 17.0 17.4 

Solid f rom D 

18.2 - 

- - 18.3 - 

- - 3.78-X-x- - 
- - 3.57-x-+ - 

F i l t r a t e  from A 

F i l t r a t e  f rom D 

Coniplex f o r  C 8 .YO 26.10 

F i l t r a t e  from C 8.85 26.24 

- - 
- - 

R3orne s o l i d  apparent ly  was l o s t  durLig f i l t e r i n g  and washing. 

Sample 

S o l i d  A 

S o l i d  B 

Sol id .  c 

~ % n i l l i m O l S / C C .  

+?Assumed t h e  same as i n  B . 

TABLE I11 

B a s i s :  one gram of so l id  

. .  
Wt.  i n  g r a m s  

Boron Fluor ine  Oxygen Methyl Sther ,  

'0.213 - 0.110 0.198 

0.183 
, .  

0.323 0.288 

0.185 0.331 . '  0.292 0.165% 

T o t a l  
Weight 

0.521 

0.959 

0 : 973 
&";-.i. 

2 .43" 

.. . ... . ... .. .. . . . . . . 
b e . .  ... . . ...-*. . . .  .. . .  ... ... .. . ... .. .. 

o a  $ 0 0  o ooo a o OD 0 0  a o o D O -  0 0  

Per  Cent 
Acc o unt ed 

For  

52 

96 

97 

5 
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al though it is p o s s i b l e  t h a t  p a r t  of thz  e s soc ia t ed  e t h e r  could have been e t h y l  
r a t h e r  t h a i  methyl e t h e r ,  
durin: washing would appear  t o  allow l i t t l e  chance f o r  s u b s t i t u t i o n ,  i f  i t  coilld 
occur.  

However, t h e  s h o r t  per iod  o f  con tac t  a t  room teinperature 

.S ince  it was poss ib l e  t h a t  t h e  recovzred s o l i d  might be a n  equ i l ib r ium 
mix%i!i-e o f  s e v e r a l  compounds r a t h e r .  t h m  5 s i i g l e  compound, a f u r t h e r  e x p e r h e l i t  
C 'mis c a r r i e d  out in 'rvhich t h e  s o l i d  product ob ta ined  lrom mixture  B was con- 
tacted with  2 r e sh  methyl ether-boron I 'liloride complex. . It appmred  c e r t a i n  t h a t  
unJ.?ar t h e s e  cond i t ions  a change would be observed i n  t h e  c.h.emical c o n s t i t u t i o n  
un le s s  a pure compound had been obtained f r o n  t h e  o r i g i n a l  mixture .  
Flnd f i n a l  experiment,  D, vias c a r r i e d  out  i n  orcier t o  ob ta in  f u r t h e r  d a h  or? the  
oxygen d i s t r i b u t i o n  i n  t h i s  r eac t ion .  The data f o r  t hn  va r ious  experimei1ts a x  
given i n  Tabie I. .. 

A foirr th  

Tmm I 

Q u a n t i t i e s  Tine of  
(m o 1 s )  ' D o s c r i p t i o n  Contact,  

Experixent  Acid Complex Acid Conplex . Days 

A .  0.081 0,541 Crystalline D i s t i l l e d ,  50.4% Bl0 25 
U.S.P. 

e.* B O,@4 2.710 Merck, Reagent Frishly prepared i n  75 
p l an t  e ilipment 
18.8% B Yo 

Powder 

1.0 (Recovered S o l i d  11 II C (3-4 
grams 1 from B) 

D 0.081 0.541 hierck,. Reagent 
Powder 

11 11 

18 

25 

The ana l j r t i ca l  r e s u l t s  f o r  t h e  recovered s o l i d s  are g iven  i n  Table  11. 
a l s o  2i-e oxygen de termina t ions .  on t h e  l i q u i d  phnse recovered f roin experiments A 
and D which are used ih making  an oxygen balance, and zlernznt ,analyses f o r  the 
sta?:ting rilethy1 e ther-boron f l u o r i d e  cor.giex and t h e  recovzred l i q u i d  phase from 
expe;'imoilt C, f rom which t h e  s o l u b i l i t y  of .Lhz product  of t h e  r e a c t i o n  i s  
ci i lculated.  
roactio:i i s  determined are presented  ir, Table III. Thes.e.ivere obta ined  from t h e  
alalyses i n  Table 11. 

Inciuded 

Weight balances' from which tht:  c o n s t i t u t i o n  of t h e  p k d u c t  of t h e  

I 

Discuss ion  -- 
From Table I1 it may be seen  t h z t  t he  elements By F uld 0 are p r e s m t  

A Jveight balagce for  the  s o l i d  from - .  i n  equimolar amounts in all of t h e  s o l i d s .  
A, shown in Table III, however, indicates t h a t  t h e s e  eldm&ts account f o r  on ly  
52% of t h e , t o t a l  composition. 
96 2 e r  c e n t  i s  accounted f o r  when t h e  result of t h e  methyl e t h e r  a n a l y s i s  i s  
taken  i n t o  cons ide ra t ion .  

I n  t h e  case of  t h e  s o l i d  rzcovered from B, , -  
i. * 

1 .- 

..... ... .... ... ... 
a a  0 0 0  

.. .. . . . . .  .. . . . . . . . . . .  . . . . . . . . .  
0 0 0  3 C'J? 0 0  d a 0 O Q O  

_L 

.. .. .. . .  .. 
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Since  t h e  same r a t i o  of e l enen t s  i.lms obta ined  f o r  , t h e  ' s o l i d s  from 
er.;>.:+rirr.ent C as was obta ined  f o r ,  experiments A and B, it i s  reasonably c e r t a i n  
&t; $he observed r a t i o  of t h e  elements i s  c o r r e c t .  Thus, i t  may be concluded 
thab a compound of  enipir ical  formula BO? has  been obtained and t h a t  it i s  
assccis. ' ted wi th  methyl e t h e r  as obta ined  from a mediuii of methyl ether-boron 
f l u o r i d e  complex. 

2 -  L: c 

It i s  d i f f i c u l t  t o  imagine a compound wi th  t h e  s+pl'e s t r u c t u r e  and 
low molecular  weight corresponding t o  F-B = 0, having t h e  p r o p e r t i e s  of t h e  
s o l i d  obtained.  Baumgarten and Bruns (4) r e p r t e d  t h e  conversion of 3F3 t o  an  
oxyf luor ide ,  .(BOF) , by r e a c t i o n  wi th  b o r i c  anhydride and wi th  bo ra t e s  a t  300' 

analogy i n  borazole  ( 5 ) .  The amount cf methyl e t h e r  corresponding t o  t h e  
evo lu t ion  de te ' rn ina t ion ,  shown i n  t h e  weight balance f o r  t h e  s o l i d  from 13, i . 3  
4 . 5  millimols, which i s  approxh&ely  one m o l  f o r  every  t h r e e  of  BO?. 
s t r o n g l y  i n d i c a t e s  t h a t  no apprec iab le  contamination wi th  ethyl: e t h e r  occurrec: 
during t h e  experiment. 

and 45OoC., respec 2 i v e l y .  Thus, t h e  trimer i s  inore probable and a l s o  has  ac 

This 

The suggested formula,  then ,  i s :  
. I  

* 

- e  
' I  

, .  

I .  

.: . .  * .. 

F \ 

Since  it appeared l i k e l y  from t h i s  s t r u c t u r a l  formula t h a t  a s soc ia -  

It w a s  found, how- 
t i o n  ivith a d d i t i o n a l  q u a n t i t i e s  of methyl e t h e r  should be poss ib l e ,  t h e  compound 
was i n v e s t i g a t e d  i n  a c a l i b r a t e d  manometric g l a s s  system. 
ever ,  t h a t  .the compound showed no rneasurable vapor pressure  and f a i l e d  t o  asso- 
c i a t e  wi th  f u r t h e r  q u a n t i t i e s  of methyl a t h e r .  
r e l a t i o n s  - .vi11 n o t  a l low f u r t h e r  a s s o c i a t i o n .  A l t e rna t ive ly ,  it i s  poss ib l e  
t h a t  t h e  cor ,di t ions were .unfavorable, s i n c e  t h e  a d d i t i o n  of methyl e t h e r  t o  t h e  
malogous  borazole  requires h e a t i n g  t o  6O-7O0C. f o r  a two-week pe r iod  under 
which condi t ions  it ultimately a s s o c i a t e s  wi t : l  t h r e e  mols of e t h e r ,  one f o r  
each boron atom ( 5 ) .  

It i s  p o s s i b l e  t h a t  space 

S e v e r a l  r e a c t i o n s  of  t h e  boron f l u o r i d e  in t h e  mcthyl e t h e r  complex 
and b o r i c  acid may be w r i t t e n  wi th  BOF as a product .  
t h e  following equa t ions ,  from which t h e  methyl e t h e r  i s  omit tzd f o r  convenience 
in xrit i n g  : 

These are represented  by 

BF3 + B(0H); ---3--3F20H + BF(Oii)2 --->BOF + HBF2(OH)2 

2BF + B(OHl3 ----+3BOF + 3HF (11) 

(1) 

3 

Inspec t ion .  o f  t he  t h r e e  equa t ions  r e v e a l s  t h a t  t h e  equat ion  represent -  
i n g  t h e  r e a c t i o n  can be determined by & oxygen balance over  t h e  system, recog- 
n i z i n g  t h e  fact  t h a t  t h e  oxygen i n  t h e  methyl e t h e r  i s  unreac t ive  and can the re -  
for;  bz ignored.  
t h c  fr2.ction of 

Determination by means of  such a balance i s  p o s s i b l e  because 
d d e d  t o  t h e  system as a c i d  which i s  recovered i n  t h e  form or" 

7 7 
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i r isolubla  BOF varies i n  t h e  r e a c t i o n s  as fo l lows:  ( I )  33.3$, (11) lo%, and 
(111) 50s. Thus, using t h e  ana lyses  a d  weignts  of s o l i d s  from mixtures  A and 
D arid the Karl F i sche r  ana lyses  of t h e  f i l t ra tes ,  co r rec t ed  f o r  t h e  s o l u b i l i t y  
of BO3 in the, methyl ether-boron f l u o r i d e  complex, t n e  d i s t r i b u t i o n  of or jgen  
may be ca lcu la t ed .  The results of t h e  c a l c i L a t i a n s  a r e  shown i n  Table IV. 

Oxygen Balance 

A D Theo r e  t ic- ;i L 

Xois 3 i n ,  :as ac id  9.243 0.243 0.243 

XO-?.Q 0 recovered, as s o l i d  0.362 0.045 0.073 

Pe r  cent  Recovery 103 3 95.7 100.0 

Mols 0 recovered,  i n  l i q u i d +  0.189 0.178 0.171 
T o t a l  recovery of  0 0.251 0.223 0.243 

3 -  

Mols 0 as 80F i n  solution+:"-' 
T o t a l  mols G as BOF 

0.009 0.009 0.009 
0.071 0.054 0.081 

Per  cent  of T o t a l  0 in ?OF 
(a)  Sased on added a c i d  29.2 22.2 33.3 
( b )  Based on s o l i d  recovered 28.3 24.2 

$+Recovery of  l i q u i d  assumed t o  be 50 cc.  
+ W a l c u l a t e d  from . the  d i f f e r e n c e  between t h e  boron and f l u o r i n e  

ana lyses  f o r  t h e  f i l t r a t e  from C and t h e  o r i g i n a l  complex f o r  
C. 
d i sso lved .  

On t h e  b a s i s  of 100 grams of complex, .014 mols of  30F are 

Thus, r e a c t i o n  ( I ) ,  t h e o r e t i c a l l y  r e q u i r i n g  33.3% of t h e  t o t a l  4- t o  
be  presen t  i n  BOF, i s  supported in preference t o  those res-uiring 50 and 100% of 
t h e  oxygen t o  be found i n  t h e  s o l i d  product.  

Conclusions 

1. Methyl ether-boron f l u o r i d e  coifiplex r e s c t s  w i t h  b o r i c  ac id  a t  
i*OOIil teinperature t o  form boron oxyfluoride.  
a c i d  i s  completely converted t o  t h e  i n s o l u 5 l e  s o l i d  oxyf luor ide  according t o  
t h e  Tollowing s impl i f i ed  e q w t i o n :  

I n  an excess  o f  t h e  complex, t h e  

(CH3)20 : BF3 + B(OH)3-----3 303 + (Fd3)20 + HBF,(OH)2 
1 

2 .  Under t h e  condi t ions  of t h e  experiment t h e  product i s  be l ieved  
t o  be a tr iner wi th  a c y c l i c  s t r u c t u r e z  each m o l  of which i s  a s soc ia t ed  with 
one ciol of sn3thyl e the r .  

3 .  It i s  i n d i c a t e d  t h a t  b o r i c  acid cannot exist  i n  a m e d i u m  of 
m e t  nyl e t  h e r  -boron f 1 uo r i d e  complex. 

0.  .. ... . ... .. ... . .. .. . . .. . . . . . . . ... . .. .. ... ... .. . .. .. 
c o  n o c  D aoo 3 3 a o o o o  oo 



Procedure and R e s u l t s  - 
In t h e  case of  t h e  r e a c t i o n  between b o r i c  oxide and boron f l u o r i d e ,  

k t h e  f o r m t i o n  of boron oxyf luor ide  (BOFl3 has  a l r e a d y  been demonstrated ( 4 ) .  
pre l imina ry  experiment,  us ing  b o r i c  oxide  and boron f l u o r i d e  as t h e  methyl e t h e r  
complex, r e v e a l e d - t h a t  t h e  ra te  of r e a c t i o n  m s  s l o w  even a t  90°C. 
raasons i n d i c a t e d  previous ly ,  i t  was' d e s i r a b l e  t o  determine a rate of r e a c t i o n  
r a t h e r  t h m  t o  attempt t o  o b t a i n  conple te  r e a c t i o n .  It was r e a l i z e d  ti-zt such 
a de termina t ion  would be s u b j e c t  t o  many v e r i a b l e s  and t h e  procedure was, 
t h e r e f o r e ,  arbi t rary.  The bo r i c  ox ide  and excess  methyl ether-boron f l u o r i d e  
conplex a1-e contac ted  under f ixed cond i t ions  and t h e  s o l i d  present  a t  t h e  end 91' 
t h e  chosen t ime o f  con tac t  recovered f o r  a n d y s e s .  The condi t ions  of  t h e  
expe;.i.izent were: (a> a temperature  of 1OOOC.; (b )  one and one-half grams of 
Baker and Admson reagknt  bo r i c  ox ide  (18.G B1o); ( c )  t e n  m i l l i l i t e r s  of 
en r i ched  methyl ether-boron f l u o r i d e  complex (82.5 mol % B1o); and (d)  cons tan t  
a g i t a t i o n  of t h e  v e s s e l  conta in ing  t h e  r e a c t a n t s .  

Thus, f o r  

'. 

The coUtrse of  t h e  r e a c t i o n  was followed by s t a r t i r l g  t h r e e  experiments 
s imul taneous ly  and te rmina t ing  one a f te r  two hours,  t h e  second a f t e r  f o u r  hours,  
and t h e  t h i r d  a f t e r  six hours.  I n  each case ,  t h e  s o l i d  material w a s  recovered by 
f i l t r a t i o n  and'washed thoroughly wi th  a b s o l u t e  e t h y l  e the r .  The s o l i d  was then  
d i s so lved  i n  water, t h e  s o l u t i o n  made t o  volume md a l i q u o t s  analyzed f o r  elements 
boron aid f l u o r i n e  (3) and f o r  m o l  p e r  cent  of BIO i so tope .  Ana ly t i ca l  r e s u l t s  
are g i v m  i n  Table V. 

TAB= V 

T i m e  (hrs.) Rat io  ol" F t o  B (r&llimols) z 

2 0.0335/12.11 = 0.0028 21 .o 
4 6.04-:--/10.56 = 0 57 31.3 
6 2.68/10.73 = 0.25 34.3 

Mol $ $0 

Z The r a t i o  i s  t h e  s i g n i f i c a n t  va lue  since t h e  s o l i d  nay no t  have 
been complet e ly  recovered. 

% This  v a l u e  f o r  F is  obvious ly  out  of l i n e .  

Discussion 

The results obta ined  may be i n t e r p r e t e d  

BF3 t B2O3 -L-+ (BOF)3 

by t h e  fo l lowing  r e a c t i o n s  : 

. (IV) 

9 
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The r a t i o  of f l u o r i n e  t o  boron from t h e  six-hour t e s t  w a s  used t o  c a l -  
c u l a t e  t h e . e x t e n t  t o  which r e a c t i o n  (IV) had t aken  p lace .  I n  o r d e r  t o  account 
f o r  t h e  high i s o t o p i c  concent ra t ion  observed i n  t h e  s o l i d  formed, it was necessary 
for -co i ; ip l s te  and r a p i d  exchange t o  have taken  p l a c e  according t o  r e a c t i o n  ( V ) .  
Thus, t h e  cq~u i l ib r ium v a l u e  was t h e  average i s o t o p i c  concent ra t ion  f o r  t h e  v~hol-e 
syster:., excluding t h e  unreacted oxide.. These conclusions have a l r e a d y  been 
preseil ted . in a previous  report (l), and t h e  c a l c u l a t i o n s  upon which they  a r e  
bsse:i are  g iven  i n  t.he appendix,  
u n t i l  a l l  o f . o n e  o r  the  o t h e r  r e a c t a n t s  has been-used  up, a t  which t ime t h e  (30F)3 
producad ~511 be i n  complete i s o t o p i c  e q u i l i b r i u n  due t o  r e a c t i o n  . ( V ) .  
condit,ions of t h e  experiment it vas assumed t h a t  t h e  q u a n t i t y  of o,ude r e a c t i n g  
(ni i l l i rnols /hr , )  was independent of t h e  q u a n t i t y  of t h e  a i d e  present .  Then thc 
nmber  of 'riullimols r eac t ing ,  o r  o f .p roduc t  forined, i s  eqilal t o  - k t ,  where - k i s  
t h e  ra te  cons tan t  and t - t h e  t ime L? hours .  

It i s  ev ident  t h a t  r e a c t i o n  ( I V )  may Proceed 

Under t h ; ~ '  

Using t h e  set  of d a t a  f o r  t h e  six-hour sample, vhic!i z r e  be l ieved  t o  
be the  most r e l i a b l e ,  t h e  ra te  cons tan t  k i s  c a l c * d a t e d .  The d a t a  used i n  t h i s  
c a l c u l a t i o n  are t h e  r a t i o  of  f l u o r i n e  to-bo:-on i;l t h e  recovered s o l i d ,  and t h e  
q u a n t i t i e s ' a n d  i s o t o p i c  concent ra t ions  of t h e  s t a r t i n g  materials. 
for t he  conceriti-ation of B 1 0  i n  t h e  s o l i d  phase i s  developed as a func t ion  of t 
basad on t h e  occurrelice of  r e a c t i o r  I V ,  fol lotrea by complete exchange accord ing  
t o  r e a c t i o n  V. It i s  assumed fulr ther  t h a t  no i s o t o p i c  exchange occurs  d i r e c t l y  
between t h e  oxide and t h e  complex. The express ion  obtained i s  i n  t h e  form of 
t h e  r a t i o  of two quadradic  equat ions,  and t h e  d e r i v a t i o n  i s  given i.1 t h e  appendix. 
The i s o t o p i c  concent ra t ions  thus  ca l cu la t ed  are compared wi th  t h e  observed v a l ~ e s  
i n  Ta-l.3 VI below, which a l s o  con ta ins  t h e  c a l c u l a t e d  r a t e  o f  r eac t ion  from t h e  
da t a  a t  six hours contac t  t ime.  It should be emphasized t h a t  t h e  i s o t o p i c  con- 
c e n t r a t i o n s  determined f o r  t h e  recovered s o l i d s  a r e  independent of t h e s e  ca l -  
c u l a t  ions .  

The express ion  

:-? 

- 
?. ' TABLE V I  

Idol % BIO i n  Recovered S o l i d  
t (hours)  k Zxperiiriental Cal c ulat e d 

2 - 21 .o 
4 .  - 31.3 
6 1.955 34.3 
10 - 
15 
20 
25 
30 

- 
- 
- 
- 

24.2 
2.9.2 
33.7 
41.2 
45.8 
54.. 6 
59 e 2  
62.7 

The exper imenta l  va lues  are p l o t t e d  on t h e  curve obt,ained from t h e  
ce lc i i la ted  va lues  i n  F igure  1, from which it my be seen t h a t  t h e  agreement 
obts ined  l ends  su?port t o  t h e  hypotnesis  advanced. 
exchange between the  (BOF)3 and coriplex i s  Fns tan tmeous .  
curve c ros ses  t h e  l i n e  r ep resen t ing  complete r z a c t i o n  a t  about 33 hours,  thus  
i n d i c a t i n g  t h e  approximate t i m e  r equ i r ed  f o r  co.nplete r e a c t i o n  under t!iese 
cond i t ions ,  However, t h e  va lue  f o r  t h e  t i m e  of r e a c t i o n  or t h e  r a t e  may not  be 
reproducib le  s i n c e  t h e  degree of a g i t a t i o n ,  t h e  phys ica l  form of t h e  oxide,  and 

Thus it  appears  t h a t  i s o t o p i c  
' . ' Tha t h e o r e t i c a l  r a t e  

%r 
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t r a c e s  of  moisture  ,my have larze e f f e c t s  on t h e  r e a c t i o n  rate,  This  i s  empha- 
s i z e d  by the  f a c t  t h a t  t h e ,  s o l i d  recover ing  v a r i e d  g r e a t l y ’  i n  h a r n e s s  irLdepend- 
e n t l y  or“ tire l e n g t h  of contac t  with polymer,. Nevertheless ,  it i s  bel ieved t h a t  
an app;zcxisk?$e nea.sure of t h e  ra te  of the  r e a c t i o n  between bo r i c  oxide and methyl 
ether-boroii f l u o r i d e  complex h a s  been obtained.  

.. - C o n c l u s i .  

1, 
boron f l u o r i d e  complex, be l ieved  t o  be:. 

A r e a c t i o n  between bo r i c  oxide and boron i l u o r i d e  i n  methyl e the r -  

I3203 t BF3 ---l (BOr’l3 

r e su l t s  when t h e  two components are contacted a t  100°C. 

The rate of t h e  r e a c t i o n  under t h e  condi t ions  of t h e  experiment i s  
2.0 d l l i m o l s  of oxyf luor ide  (monoraaric form) formed p e r  hour. 

3. A s  i n d i c a t e d  i n  a previocs  r e p o r t ,  it appears  t h a t  i s o t o p i c  exc;ian;e 
be‘iween t h e  (BOF) and excess  methyl ether-boron f l u o r i d e  conplex i s  ins tan taneous .  3 

4. The slow r a t e  of t h i s  r e a c l i o n  rriakes poss ib l e  t h e  concen t r a t ion  of 
unrsac ted  b o r i c  ofide i n  t h e  r e b o i l e r s  of t h e  p l a n t  f r a c t i o n a t i o n  un i t .  

{* i3iiZFsri” 
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The fol lowing r e a c t i o n s  are be l ieved  i o  occzir when b o r i c  oxide i s  

corlt:..ctxd a i t h  methyl ether-boron f l u o r i d s  complex: 

It i s  p o s t u l a t e d  t h a t  t h e  rate of t h e  r e a c t i o n  I V  i s  l i -mi t ing  and t h a t  
k q u i l i b r i u n  accord ing  t o  r e a c t i o n  V i s  a t t a i n e d  aimost i n s t an tansous ly  (1). 
t h e  r e a c t i o n  ,mixture, t h e  oxide and oxyf luor ide  forx 2. s o l i d  phase while  ths m.- 
re::!cteci .complex remains as l i q u i d .  

.by two methods: (1) t h e  F t o  B r a t i o  i n . t h e  s o l i d  Dhase, detarrnined by cheriGcal 
anLLysis, and (2) t h e  i s o t o p i c  concen t r s t ion  of B1b i n  the  s o l i d  phase provided 
ths rc,actznts are of d i f f e r e n t  i s o t o p i c  concent ra t ions .  

I n  

The rate of t h e  first r e a c t i o n  can be follov;<,.i-.: 

According t o  t h e  first fiethod, t h e  F t o  8 m l  r a t i o  i s  g i v e n  by: 

kt 
X + 1/3 l t  

F/i3 Rat io  = 

whcre k = r a t e  of f o r m t i o n  of (KIF),  miilLnols/hr. (monomeric form) 
t = t ime of r e a c t i o n ,  hours.  
X = i n i t i a l  quantit .y of boron in oxide,  m~ll i r t lols .  

The condi t ions  of the experiment were such t k t  it was d e s i r a b l e  t o  
-9 determinG t i .2  r&te of t he  r e a c t i o n  ‘ ( I V )  by means of equat ion  (1). Then, a p e r i -  
- 
f 

meritally determined BIO concent ra t ions  were compared wi th  c a l c u l a t c d  concentra- 
t i o n  deterinined by using t h e  e x p e r i m n t e l  r a t e  cons tzn i .  
B1’ concent ra t ion  of t h e  s o l i d  phese, Cs, i s  based or! t h e  assunlpiion t h a t  t h e  
oxide does no t  undergo i s o t o p i c  exchange, while  t h e  BF 

Thc equlation for t h e  

arid (BOF>3 are i n  3 
‘ iso”,opic aqui l ibr iwn.  Then 

,-.. 
where = millimols of unreacicd oxide 

-6.’ = millimols of ox f l u o r i d e ,  ai-” (aonomeric form) 
Co = mol f r a c t i o n  B ir! oxide 
cb = mol f r a c t i o n  1310 i n  oxyf luor ide  and i n  .complex 
Cs = mol f r a c t i o n  BIO i n  s o l i d  phase 

18 
- .  
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Thd’ va lues  of  (2; , ,4? and Cb v a r y  as t h e  r e a c i i o n  proceeds and can be determined 
by knowing t h e  i n i t i a l  va lues  a n d - t h e  r e a c t i o n  rate from equat ion  (1). , .  

. .  
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CI lhus ,  i f  9 = millimols of boron i n  oxide  i n i t i a l l y  
Y = mil l imols  of boron i n  complex i n i t i a l l y  

c!, = mol f r a c t i o n  ~ $ 0  in c o m p l e x ' i n i t i a l l y  

T:E hava 

Y C + 2/3 k t  Co - 
Y + 2/3 k t  Cb - 

T;- 28i> suhs+, i tu t ing  i n  (2), 
1.Y C + 2/3 kt Co 

(X - 2/3 I&) Co + 1.t( 
\* Y 4. 2/3 k t  / - -  

X - 2/3 ht + kt cs - (3)  

which becomes 
2 

' C o n  + f2/3 Co(X-Y) + Cp<. - k t  + 2/9 Co(kt) 

( 4 )  - - 
cS XY + i /3 (2X t Y) k t  t 2/9(kt,)' 

> .. Tile fol lowing va lues  of t h e  cons t an t s  are t h e  q;iar.tities and i s o t o p i c  
coi:cerlti-n.i;ions of t h e  b o r i c  ox ide  and ~zthy1 ether-boron Zluor ide  complex Used 
i:i t l i ~  axp r i rnen t s  : 

*i; 

. ,  -- x = 43 mi*llirnols 
Y = 109 i n i l l k l ~ '  

.: co = 0.188 
Cp = 0.825 

Tha va lue  of k ivas obta ined  from t h e  chemical a a l y s i s  d a t a  f o r  t h e  
six hour sample, in^which  the m o l  r a t i o  of F/B was found to be 0.25. Thus, 

from which k i s  fouhd t o  be 1.955. 0.35 - - - 
. . . .  , .  

, .  , S u b s t i t u t i n g  the .va1ue  f o r  k and t h e  va lues  fo r  t h e  cons t an t s  i n  thc 
developed express ion ,  . .  t h e  follovring is obta ined  : 

F 881.2 + 159.7 t + 0.16 t2 
4687 + 127.1 t + G.85 t2 cs = (5) 

, 1 From which t h e  p red ic t ed  i s o t o p i c  abundence of t h e  recovered s o l i d  may be obta ined  
a t  any time t. 
and t o g e t h e r  wi th  t h e  experimental  va lues  are given i n  Table V I  and Figurc  1 of 

These values were calculated f o r  intervals of: two t o  t h i r t y  hours  
, 7  , 

5 :. t h i s  r epor t .  
C '  
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