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< ERRATA FOR REPORT A-2359 

The following changes should be made t o  report  A-23 9, I1An 
Dimethyl Ether-Eowp T r i f  luoridell , by Charles M3 .!udson, October 26, 

l y s i s  of 
1945 : 

1. On pages 11 and 12  modification number 9 should follow number 8 d i rec t ly .  

2, On page 12 i n  t h e  t h i r d  l i n e  of t he  ne,ut t o  t he  l a s t  paragraph Ifconstructedtl 

3. On page 25 in t h e  t h i r d  line of t he  fourth paragraph, Itor dioxaner1 should 

4. On page 33 at t h e  end of t h e  f i f t h  paragraph add t h e  words !!of Figure 319 

should be changed t o  Ilconstrictedll. 

be Itin dioxane1!. 

t o  read Itcurve I and curve IV of Figure 311. 

5. The t h i r d  paragraph on page 42 should be changedto read: 

"Two ml. of t h e  (CH3)20:BF3 t o  be analyzed are added t o  a 100 m l .  
volumetric f l a s k  with a ST 13 stopper. Ten ml. of Baker's reagent grade g l a c i a l  
ace t ic  acid are added from an automatic burette.  The drying tube containing 
Drierite i s  attached t o  the  f l a sk  with a ST U/35 joint .  The f l a sk  i s  placed 
i n  an e l e c t r i c  oven a t  70°C. f o r  two hours and removed. The f l a s k  i s  cooled 
t o  room temperature, then placed in ice water. When cool, 4 ml. of pyridine 
are added and t h e  so lu t ion  i s  t i t r a t e d  with Karl Fischer reagent i n  t h e  usual 
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ANALYSIS OF DlXl3THYL ETHER-BORON lTtIFLUORIDE 

>\' I, SUMMARY - 1 -  - -  

The methods used . .  
' 

unit ' f o r  thg separat.ion of 
f o r  laboratory 
boron isotopes 

control  analyses i n  the operation of a 
by the  f rac t iona t ion  of dimethyl ether- 

- 3  

boron t r i f l u o r i d e  complex are described and evaluated. 

Procedures develpped at the * ~ . - M . _ L a h o r a t o r ~ f - ~ l u m b i a  University 
f o r  t he  determination of boron, f luorme,  and dimethyl e ther  i n  t h i s  complZx---- 
have been applied with only minor modifications. Procedures f o r  t h e  determination 
of impuri t ies  in t h e  complex have been developed. 
a r e  determined by methods employing t h e  Karl Fischer reagent . 
determined by t h e  conventional methods of colorimetric,  volumetric, and gravimetric 
analysis.  Conductivity measurements are a l so  used i n  ana ly t ica l  control.  Con- 
s idera t ion  has been given t o  other  impuri t ies  which might be expected t o  appear 
i n  the  complex. 

Hydroxyl and alkoxy1 groups 
Metals are  

Data have been presented t o  show the  precision and accuracy of the 
Consideration has been given t o  t h e  chemical information obtainable 

Most of t he  methods are capable of fur ther  improvement. 

methods, 
from t h e  analyses. 

of fu r the r  information i s  required before t h e  chemical react ions of t h e  impurit ies 
i n  dimethyl ether-boron t r i f l u o r i d e  complex a r e  completely understood. Some 
suggestions have been made a s  t o  t h e  d i r ec t ions  which fu r the r  invest igat ions 
might take. 

A great  deal  

.- 
1.  

11. IXTFLODUCTION 

In  connection with the  operation of a l a rge  scale unit f o r  t he  
separation of boron isotopes1 by f rac t iona t ion  of dimethyl ether-boron tri- 
f luor ide ,  severa l  ana ly t ica l  methods fo r  tht? routine chemical ana lys i s  of 
dimethyl ether-boron t r i f l u o r i d e  were developed by t h e  S.A.M. Laboratories 
during tahe i n i t i a l  stages of t h e  project. Uter construction was complete and 
operation of t h e  f rac t iona t ion  uni t  was s ta r ted ,  d i f f i c i i l t i e s  were encountered 

caused by leakage of water f r o m  tubes which were par t  of the s t e a m  heating and 
due t o  contamination of dirnethyl ether-boron t r i f l u o r i d e  with water. This was 

water cooling systems, and leakage of air  in to  t h e  uni t  due t o  t h e  f a c t  t h a t  
i t  was operated under vacuumr 
necessa ry to  develop ana ly t ica l  methods# f o r  determination of impurit ies in the 
d i m t h y l  ether-boron t r i f luor ide .  These methods w s r e  developed l a rge ly  a t  t h e  
i n i t i a t i v e  of the S.A.M. Laboratories, although a considerable amount of work 

F 2 

.:Y-- 

- 
-- - 

As a result of these d i f f i c u l t i e s ,  it w a s  

was a l so  necessary a t  t h i s  laboratory. 

of t h e  f rac t iona t ion  unit  a t  t h i s  locat ion.  

It i s  t h e  purpose of t h i s  report t o  
. present a l l  of t h e  ana ly t ica l  procedures which have been used in the  operation 

1 
81 

I 

---- 

\ t ..... ............. . . . . . . . .  . . . . . . . .  ..... . . . . . . . . . . . . . . . . . .  L-yrr- -A- * . :!.: . . . . . . . .  ...... I_, .AFq . . . . . . . .  
o* 0 0 6  0 001 -5 0 0 0  0 0  . . 0. .  0 0  

~- . . . . . . . . . . . . . . . . . .  
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I C  

In  determining, t h e  pur i ty  of (CH3)2O:BF3, the  sodium hydroxide 
t i t r a t i o n  method. developed by Judson and Turner2 f o r  t h e  determination of boron 
and f luor ine  has been found sa t i s fac tory .  By making su i tab le  blank corrections,  
the  evolution method developed by K i r s h e n b a d  f o r  t he  determination of dimethyl 
e ther  has been found sa t i s fac tory .  

0 

d 

'.;@;' 

'i 

.* 

I-. 

f., 4 
'4- 

c 
- 1  

Methods for  the determination of impurit ies which might' be expected 
t o  be present have been investigated.  
(CH3)2O o r  t h e  BF 

(CH3)20:BF3, o r  from t h e  corrosion of metals by (CH3)zO:BF /and i t s  hydrolysis 

These impuri t ies  might be present i n  t h e  
used t o  prepare t h e  (CH3)2O:BF3, o r  they might corn from 

thermal decomposi z ion of t he  (CH3)2O:BF3, from t h e  reaction of H$ with 

products ? 

The use of t h e  Karl Fischer reagent t o  t i t r a t e  H20 i n  (CH3)zO:BFj 
was  suggested by Kirshenbaum.4 This t i t r a t i o n  has been found useful  f o r  
estimating t h e  extent of contamination by H$ even though t h e  const i tuent  
dctermined i s  not H$ but t h e  sun of H f l  p lus  B-OH o r  B=O compounds which react  
wich CH OH in t h e  reagent t o  form H-$. Evidence has been oLtained t o  indicate  
t h a t  al. P B-OH and BJO compounds are t i t r a t e d  i n  the  pmcedlire used. 

A procedure based'on t h a t  of Bryant, Mitchell and Smith5 f o r  t he  
determination of alcohols with the Karl Fischer reagent has been developed f o r  
t he  determination of B-OCH3 groups plus  CH30H. T h i s  determination i s  intended 
f o r  following t h e  decomposition of (CH3)$:BF3 in which a compound with the  
empirical  formula (BF2OCH3 13 i s  formed. 

,suggested by Sabi.6 
of the observed conductivity is, unfortunately, not c l ea r ly  understood. Although 
a number of substances other  than water a re  knovrn t o  contribute t o  t h e  con- 
duc t iv i ty  of (CH3)2O:BF3, t h e  conductivity a t  a given point in the  f rac t iona t ion  
unit i s  reasonably constant and a sudden increase in the conductivity at any 
point nay be taken a s  an indicat ion tha t  c o n t a j i a t i o n  i s  t ak ing  place. 
Furthermore, t h e  a b s o l u t e  d u e  of t h e  conductivity a t  any point should be a 
measure of cer ta in  not e n t i r e l y  iden t i f i ed  impurit ies present i n  the  complex at 
tha t  point *, 

with glass has been suggested by Kirshenbaum.7 
be applicable t o  t h e  systems encountered i n  t h e  plant.  

Conductivity measurements have been used f o r  control  analyses a s  
The measurement i s  eas i ly  .made, although t h e  s ignif icance 

An etch t e s t  f o r  hydrogen f luo r ide  depending on the  reaction of HF 
The method does not appear t o  - 

I 

The metals found i n  plant (CH3)2O:BF3 are determined i n  o rde r ' t o  
estimate t h e  rate of corrosion. 
and i s  determined regularly.  Nickel is  always present i n  t r aces  from the 
corrosion of monel, but t h e  copper concentration i s  general ly  negligible.  
(CH3)20:BF3 i s  handled i n  brass instead of monel, zinc i s  found i n  solution 
ra ther  than  nickel.  

I ron  i s  alvEys present in considerable amounts 

When 

...................... . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . .  ....................... 
~ - .  
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Together with t h e  a n a 3 e s  of t he  vent: gases8 and 
of t h e  isotopic  concentrations9, , these chemical analyses 
necess'ary f o r  control  of t he  operation of the  f rac t iona t ion  
chemical analyses made on samples taken regularly f r o m  each 
information is  obtained concerning t h e  extent and nature of 

t h e  dktekninatian 
provide t h e  data  
unit. From the 
operating column, 
the  decomposition, b 

t h e  leakage of water, and t h e  corkmion of t h e  equipment. 
are a l s o  used f o r  a determination of the pur i ty  of t he  (GH3)20:BF used as 

concentration i n  solut ion in connection vrith the rapid method used fo r  the 
determination of i so topic  concentrations .m 

The chemical analyses 

feed, and of t h e  f inal  r e d i s t i l l e d  product, and f o r  determuling t 2 e t o t a l  boron 

It i s  possible t ha t  o ther  impurit ies not accounted f o r  a r e  resent 
i n  t h e  (CH3)zO:BF used. Analyses o f ' t h e  BF3 and the  (CH3)2O usedll ,f2 t o  

SO3, SiF4, amines, aldehydes and unsaturated hydrocarbons may be present . ' No 
analyses f o r  these const i tuents  in (CH3)20:BF3 have been made. 

make the  (CH3)20: 2 F3 used as feed f o r  the  f rac t iona t ion  unit show t h a t  S02, 

Each o f  these procedures i s  descri.bed i n  d e t a i l  below. A general  
uescription of the  method is  given first.  
descr ipt ion of the manipulations involved. F ina l ly  a c r i t i c a l .  examination of 
+,he method i s  presented. 
in t h e  procedure, and t h e  s ignif icance of t h e  analyses obtained by the  method 
?.re considered in d e t a i l .  

This i s  followed by a de ta i led  

The r e l i a b i l i t y  of the  method, possible var ia t ions  

The c-asual reader w i l l  , f ind it possible t o  obtain a general  idea of 
t h e  methods by reading the ' in t roductory  section t o  each of the ana ly t i ca l  
procedures. 

111. SALPLING 

A. Introduction 

Sample valves must be provided a t  regular i n t e rva l s  on the  f rac t iona t ion  
unit. Since*the  system operatas  under reduced pressure these  valves must be 
equipped so t h a t  samples can be withdrawn in to  a bottle,evacuated t o  a s t i l l  
lower pressure, o r  the sample valves must be located where t h e  pressure i s  
grea te r  than  atmospheric . 

These sample valves m u s t  be located so  tha t  representative samples can 
he obtained without draining l a r g e  amounts of material. 
when not i n  use so t h a t  access of water i s  minimized. 
and use of sample v d v e s  which fulfill, these requirements a r e  described i n  
d e t a i l  below. 

They must be protected 
The locat ion,  construction, 

...................... . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . .  
e o  a e o  o 0 0 0  n a P O  0 0  e o e * n e  D O  
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B. Description of Sample Points 

Location of sample valves.-%ch column of t he  f rac t iona t ion  uni t  i s  
equipped with three sample valves, one on the  reflux l i n e  from the condenser 
at the t o p  of t h e  column, one on the  l i qu id  return l i n e  from the  bottom of the 
column t o  t h e  =boiler,  and one on the discharge f r o m  the pump which t r ans fe r s  
t h e  l i q u i d  from the  reboi le r  t o  the  top  of t he  next column and a t  t h e  same time 
c i r cu la t e s  t h e  l i qu id  in the  reboi le r .  Provisions were o r i g i n a l l y  made s o  t h a t  
sample valves could be attached t o  each r ed i s t r ibu to r  plate ,  and connections are 
avai lable  f o r  t h i s  purpose. The red is t r ibu tor  sample valves, however, have not 
been used i n  regular operation of t h e  uni t .  

Except f o r  t h e  pump discharge sample point, these valves are constructed 
- s o  t h a t  a sample can be remved from the  column when it i s  under reduced pressure. 
The pump discharge sample point has a simple valve s ince t h e  pressure a t  t h i s  
point i s  above atmospheric. 

The top  and bottom sample points are used only i n  t e s t i n g  t h e  column. 
When t h e  columns are i n  cross-flow operation these sample points  are plugged o f f  
and t h e  valves coated with g lyp ta l  t o  prevent po ten t i a l  a i r  leaks.  
sample points a r e  p re fe ren t i a l ly  used instead of t h e  pump discharge points  in 
t e s t i n g  a column because t h e  samples from tne  pump discharge points  contain 
considerable amounts of impuri t ies  and consequently the determination of i so topic  
concentrations i s  more d i f f i c u l t .  

The bottom 

In  normal operation only the  pump dischar’ge sample points  a re  used. 
e from the 

F3 i s  with- 

Sample 

I n  addition, &sample valve i s  located on the  overhead draw-off 
f i r s t  column, t h e  l i n e  through which the  more v o l a t i l e  (CH3)S:B 
drawn. 
l i qu id  i s  under pressure and a vacuum sample valve is  not required. 
valves a re  also located on the  tank i n  which the  feed (CH3)2O:BF3 i s  evacuated 
t o  remove excess (CH3)S, the  pot of t he  s t i l l  f r o m  which the  product, 

product i s  taken f o r  dipment  . 

iP 
This p o h t  i s  located a t  t h e  lowest point in t h e  l i n e  so  t h a t  t h e  

( C H ~ ) Z O : B ~ ~ F ~  , is redistilled,l3 and t h e  mixing tank f r o m  which the r ed i s t i l l ed  

The locat ions of sample valves on the f rac t iona t ion  unit are shown 
on t h e  flow chart  of t h e  report describing t h e  construction and operation of 

The locat ion of t h e  sample points  i n  the feed system and t h e  
product s t i l l  are described i n  ,separate reports  on these uni ts .13~15 

’ ‘ t h e  unit.u 

Construction and operation of sample valves.--The sample point used 
f o r  removing samples from evacuated par t8  of t h e  f rac t iona t ion  uni t  is shown 
i n  Figure 1. The sample point i s  machined t o  f i t  a 29/12 standard taper  ground 
glass-joint.  
be attached as shown i n  the  diagram. 
t h a t  a cover can be screwed onto t h e  open end t o  prevent access of moisture t o  
the  inside of t he  sample point when it i s  not i n  use. 
valve i s  provided so t h a t  t he  sample bo t t l e  can be evacuated t o  a pressure lower 
than tha t  of t h e  pa r t  of t h e  uni t  t o  b e  sampled. A 1/4 inch s t e e l  needle valve 
connecting t o  the  unit may then be opened t o  permit the  l i qu id  being sampled t o  
flow in to  t h e  sample bot t le .  The needle valve is  closed and the  th ree  way valve 
i s  afterward turned t o  admit atmospheric a i r  i n t o  t h e  bo t t l e ,  thus  breaking t h e  
vacuum and permitting removal of the sample bot t le .  

A 25 x 50 mm. weighing b o t t l e  w i t h  a 29/12 ST jo in t  can therefore  
Two inch pipe threads are provided s o  

A three-way brass plug 
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A weighed sample of (CH3)20:BF3 i s  dissolved i n  water and a s ~ t a b l e  
Calcium chloride i s  added s o  t h a t  the f luorine w i l l  be removed a l iquot  taken. 

as calcium f luo r ide  as rapidly as  f luo r ide  ion i s  formed. 
t i t r a t e d  with standard 0.3 N. sodium hydroxide t o  a methyl red end point ,  
30 minutes reflux, the  so lu t ion  i s  again neutralized, one cc. of 0.3 M, sodium 
hydroxide added i n  excess, and the  re f lux  continued f o r  th ree  hours. 
way the  boron t r i f l u o r i d e  i s  quant i ta t ive ly  hydrolysed. 
t h e  methyl red end point, t h e  t o t a l  amunt  of sodium ~ydrox ide  consumed i s  
determined. 
acid which i s  t i t r a t e d  t o  phenolphthalein end point i n  t h e  absence of carbon 
dioxide, using 0.1 N ,  sodium hydroxide solution. 

The solut ion i s  
After 

I n  t h i s  
By back t i t r a t i n g  t o  

Mannitol i s  added converting the boric  ac id  t o  a stronger complex 

Modifications in procedure.-A few modifications of t h e  S.A,M. 
procedure2 have been-introduced as a matter of convenience but t h e  method as 
o r ig ina l ly  written i s  s t i l l  accepted as a standard. 

1. The empty weighing tube i s  more conveniently weighed b e f o e  
f i l l i n g  than after dissolving the sample. 

2. It has been found t h a t  it i s  not necessary t o  cool t h e  water .before 
dissolving the  sample. 

. 3. It has been real ized t h a t  0.3 M. hydrochloric ac id  i s  not necessary 
and t h a t  0.1 N. acid can be used as runback f o r  both 0.1 N. and 0.3 N. sodium 
hydroxide solutions.  

4. F i l t r a t i o n  o f  t h e  calcium f luor ide  has been omitted. This s t ep  was 
opt ional  i n  the,procedure specif ied by the S.A.M.  Laboratories. 

5. The o r ig ina l  procedure specif ied t h a t  the solut ion be t i t r a t e d  hot 
after t h e  f i r s t  30 minutes refluxing period. 
it was permissible t o  t i t r a t e  hot, not t h a t  i t  was required. 
p rac t ice  t o  cool  the solution before titrating. 

This was intended t o  man t h a t  
It has been general 

6. The calculated values  of the  per cent (CH3)20:BF3 are corrected f o r  

7. Small correct ions are subtracted from t h e  observed t i ters when 

the  i so topic  weights of boron as determined separately.  

i ron  is found t o  be present. 

8. Modified techniques f o r  weighing t h e  s,ample have been developed 
f o r  routine determinations, but these a r e  not considered a pa r t  of t h e  o f f i c i a l  
r e t  hod . 

The d e t a i l s  of t h e  procedure followsd are described below. The 
precision of t h e  method has been shown by dupl ica te  determinations t o  be 
€ 0.1%. 
discussed. 
and f o r t h e  presence of i ron i s  shown. 
t o  unsat isfactory r e s u l t s  i s  described. 
emphasize the  importance of follovring t h e  specif ied procedure rigorously. 

I n  evaluating t h e  methodj t h e  various modifications introduced are  
The b a s i s  of determining the  correct ions f o r  isotopic  concentrations 

Another modified procedure which l e d  
The d i f f i c u l t y  encountered i s  used t o  

Methods 
8 1  

..... ... .... ... ... 
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The valve used for ta&g samples where the l i q u i d . i s  under a posi t ive 
pressure i s  simply a 1/4 +ich s t e e l  needle valve f i t t s d  with a 1/4 inch cap t o  
prevent accesa o f  moisture when the  valve i s  not being used. 

, I n  a l l  cases t h e  sample points a r e  located so  t h a t  t h e  pipe between 
t h e  sample valve and t h e  l i n e  being sampled i s  as short  a s  possible,  
reduces holdup i n  the  l i n e  Bad makes it possible t o  obtain representat ive samples 
without draining l a rge  quant i t ies  of  material. 

This 

C. Sampling Procedure 

I n  order t o  obtain representat ive samples, it is necessary tha t  
moisture be kept out of the  sample l i n e  and valve, and su f f i c i en t  mater ia l  must 
be drained before taking the  sample. 

On t h e  other  hand it i s  inportant tha t  the m u n t  of sample be-kept t o  
(i uinimum because of t h e  value of the  product. 
exsess of t h e  concentrated fl over t h a t  needed i n  analyses be saved. 
malytical  procedures used have been developed w i t h  these  points in mind. 
+,ctual ly  the  procedures used do not use up a s ign i f icant  amount of material a s  
'-ong as  a s m a l l  conductivity c e l l  i s  used and the sample l e f t  from t h e  con- 
Auctivity measurement i s  saved. 

It i s  a l so  necessary tha t  any 
The 

The 25 x 50 mm. weighing bo t t l e s  used f o r  vacuum type sample points 
a re  a l s o  used f o r  taking samples from the  pressure type sample points.  One 
b o t t l e  f u l l  is ordinar i ly  drained.before taking a sample f o r  analysis .  Nhen 
the  isotopic  concentration i s  ' su f f i c i en t ly  high t o  warrant it, t h e  drainings 
a re  saved and eventually returned to  the  uni t .  
samples are required, 250 ml. f lasks  a re  used. 
use with the  vacuum sample point m y  be m d e  by shortening a 29/42 ST jo in t .  
T h i s  j o i n t  may be sealed t o  a 250 ml, f l a s k  o r  attached t o  a ST glass  stoppered 
f l a s k  through mother joint: I 

I f ,  f o r  spec ia l  reasons, l a rge r  
A 29/12 ST j o in t  su i tab le  f o r  

I V .  BORON AND FLUORINE DETERMINATIONS , 

A.  I n t  roductiori 

The procedure which has been used i s  e s sen t i a l ly  t h a t  developed a t  
t h e  S.A.M. Laboratories by Judeon and Turnerm2 I n  t h i s  procedure f luor ine  i s  
determined by quant i ta t ive  hyprolysis of boron t r i f l u o r i d e  with sodium 
hydroxide; and boron i s  determined a f t e r  t h e  addition of m n n i t o l  by a sodium 
hydroxide t i t r a t i o n  of t h e  boric  ac id  in t h e  hydrolyzed solution. The 
procedure f o r  f luor ine  i s  based on the  Harshavr Company f luor ine  determin2tion in 
boron trif1::oride as developed by SvFinehart and Fl i s i ! ,=  These invest igators  
did not attempt t o  detetmine boron. 

. 
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used by other  invest igators  f o r , t h e  analysis  of BF3 a r e  evaluated. 
i s  given t o  possible fu r the r  hqdif icat ions in the  method described. The con- 
clusion i s  reached tha t  fu r the r  modi2icqtions a re  not cal led f o r  and tha t  the  
accuracy of the procedure used i s  sa t i s fac tory .  
senfed in Report A-12992 t o  show the  e r r o r  introduced by allowing the BF 

Consideration 

A correction i n  the data 'pre-  

solut ions t o  stand is noted. The conclusions o r ig ina l ly  drawn are not a? fected. 

9. Nitrogen i s  bubbled in t o  rem(?ve C02 before adjust ing the  ind ica tor  
f o r  t h e  beginning of the second . t i tration' .  

B. Procedure f o r  Determination of Boron and Fluorine 

Reagents and equipment.-The reagents required are:  

0.1 N. standard carbonate f r e e  sodium hydroxide 
0.3 N. standard car6onate f r e e  sodium hydroxide 
0.1 N. standard hydrochloric acid 
20% solution of reagent grade calcium chloride 
0.02% methyl red ind ica tor  i n  60% ethanol 
0.1% phenolphthalein indicator  in 50% e t h a n d  

' The procedure used f o r  the preparation and use of carbonate f r e e  
sodium hydroxide f o r  boron t i t r a t i o n s  i s  t h a t  described by Judson.16 F i f t y  per 
cent sodium hydroxide.is f i l t e r e d  w i t h  a Buchner f r i t t e d  d i s c  f i l t e r  and d i lu ted  
bvith carbon dio,xide f r e e  water. 
calcium chloride are recommended. 

Baker's magent grade sodium hydroxide and 

I 

Kimble ex?x pipets  and *burets are used. Pyrex brand volumetric f l a sks  
Calibration of the volumetric glassware has  not been f0ur.d necessary. are used. 

Geiss ler  type a ide- f i l l ing  burets  a r e  used w i t h  A .  H. Thomas Co. Lubriseal. 
stopcock lubricant  . 

Analysis of sample.--k 20 cn. length of 10 mm. Pyrex g lass  tubing i s  
sealed &t one end and blown out  s l i g h t l y  i n t o  a bulb. 
dr ied i n  an e l e c t r i c  oven, cooled, and xeighed. The tube i s  constructed about 
5 cx. from the  open end and pulled out t o  a capi l lary.  
the  form of a U. 

analysed. 
required t o  give a 25 CC. t i t e r  with-0.30 N ;  and 0,lO N. sodium hydroxide 
solutions.  
i s  permitted t o  drive out the  l i q e d  remaining i n  the  capi l lary.  
3s warmed t o  remove the  remaining l i qu id  and then sealed o f f .  
two sealed or"f pieces are allowed t o  cool, wiped with a towel, and weighed. 

T h i s  weighing tube i s  

This capi l la ry  i s  bent in to  
The sample of (CH3)20:BF is  taken by cooling t h e  tube with 

The tuba i s  f i l l e d  so t h a t  it contains about 2.8 grams, the amount 
l i qu id  nitrogen while t h e  end of t h e  cap i l  4 ary is  submerged in the  l i qu id  t o  be 

The tube i s  removed from the l i qu id  nitrogen and the  expanding a i r  
The cap i l l a ry  

The tube and t h e  

The sample tube i s  scratched with a glass cut te r ,  about 9 cm. f rornthe 
end, t h e  l i qu id  frozen with l i qu id  nitrogen, and t h e  tube opened by breaking 
between t h e  f ingers .  
stoppered iodine f l a s k  containing 100 m l .  of d i s t i l l s d  water. 
stoppered, a l i t t l e  water is placed i n  t h e  l i p  of  the f lask ,  and t h e  f l a s k  is  
.=.haken gent ly  until evolution of e ther  around.the stopper has ceased. 
-i t he  sample tube are removed with a g lass  rod, and washed quant i ta t ively,  
:-elution is t ransfer red  quant i ta t ive ly  t o  a 250 d. ST stoppered volumetric f lask .  
?'he f l a sk  i s  f i l l e d  t o  t h e  mark and the soiution mixed. 
s t a r t ed  within an hour of the time the  sample i s  dissolved. 

Both pieces a re  immediately aroppad i n t o  a 500 ml. ST 
The f l a sk  i s  

The pieces 
The 

The t i t r a t i o n  should be f l  



... Twenty f ive  ml. of 20% calcium chlor ide solut ion a re  placed i n  a 500 nil. 
Erlenmyer f l a s k  havhg  a 2lt/l.@ ST jo in t .  
are  added. ‘The solut ion i s  acidif ied,  and then made barely d k a l i n e  w i t h  0.1 N. 
sodium hydroxide. 
i s  t ransfer red  with a pipet t o  t h e  Er lemyer  containing the  neutral ized calcium 
chloride. 
0.3 N.  carbonate f r e e  sodium hydroxide. The f l a s k  i s  attached t o  a 300 mm. pyrex 
Graham s p i r a l  condenser having a 24/40 ST jo in t ,  and refluxed f o r  30 minutes 
& 5 minutes. 
The so lu t ion  i s  cooled immediately with running cold water and again t i t r a t e d  t o  
the  appearance of a red color, this time adding 1.0 ml. i n  excess. The solut ion 
i s  then refluxed for t h ree  hours 4 10 minutes. If t h e  color has faded, methyl 
red i s  again added u n t i l  the  in t ens i ty  of t he  color  i s  as  near ly  a s  possible t h e  
sa!iie as  a t  t h e  beginning o f  the  analysis. The solut ion i s  then back t i t r a t e d  
with 0.1 N standard hydrochloric acid solut ion t o  t h e  f irst  appearance of  t he  
red color .  An excess of ac id  must not be added. 
t i t r a t e d  t o  t h e  a lka l ine  s ide of t h e  indicator .  From the  amount of ac id  and 
a l k a l i  added t o  t h i s  point, t h e  f luor ine  presetlt as boron t r i f l u o r i d e  i s  calculated. 

Four drops of 0.02% methyl red solut ion 

A sample of 25 m l .  of the 250 m l .  in the  volumetric f l a s k  

This solut ion i s  t i t r a t e d  t o  t h e  appearance of a red co lor  with standard 

A S i l e x  e l e c t r i c a l  heating element i s  used t o  heat the  solution. 

F ina l ly  the  so lu t ion  i s  

The solut ion i s  made s l i g h t l y  acid and nitrogen i s  bubbled through 
tha  so lu t ion  f o r  t e n  minutes t o  remove carbon dioxide. 
continued during t h e  t i t r a t i o n  and the  wash water used must have been boiled 
j u s t  before use t o  remove carbon dioxide. 
the  so lu t ion  i s  again adjusted t o  t h e  alkal ine s ide  of tht: ind ica tor  with 0.1 N. 
sodiurn hydroxide solution. The in i t i a l  buret  reading f o r  t h e  boron t i t r a t i o n  i s  

The nitrogen bubbling i s  
\ 

- More acid i s  added i f  necessary,.and 

,. 
- talcen a t  t h i s  point. 

One gram of mannitol i s  added f o r  every 10 mg. of  boron present as 
calculated from t h e  f luor ine  t i t r z t i o n .  
t he  addi t ion of mannitol, 6 drops of 0.1% phenolphthalein ind ica tor  are added, 
The so lu t ion  i s  t i t r a t e d  t o  t h e  first appearance o f  t h e  pink phenolphthalein 
color ,  
t i t r a t i o n ,  but t h e  0.1 N. hydrochloric ac id  m y  be used i f  necessary. 
of sodium hydroxide used in t h i s  second titration is a measure o f  t h e  boron 
present. 

T h i s  general ly  aimunts t o  3 grams. After 

It w i l l  probably not be necessa ry to  us2 a run-back acid so lu t ion  i n  t h i s  
The amunt 

I Standardization of solutions;-&llinckrodt primary standard potassium 
% I acid phthalate i s  dr ied  a t  11OOC. and kept i n  a desiccator  over P2O5. The acid 

phthalate should be sa t i s f ac to ry  without d ry i ig ,  but it i s  advisable t o  take  
svery possiblepecaution. 
1.8 grams of ac id  phthalate are weighed i n t o  a 125 ml. E r l s q e r  f l a sk ,  and 

For the standardization of 0.3 N. sodium hydroxXde, 
w i  
‘ & :  

, 3issolved in 25 m l .  of water. Nitrogen is  bubbled through t h e  solut ion f o r  ten 
. ninutes, 4 drops of .O. l% phenolphthalein are added a d  t h e  solut ion i s  t i t r a t e d  
with t h e  standard sodium hydroxide t o  t h e  appearance of a f a i n t  pink color. 
Freshly boiled wash water i s  used during t h e  t i t r a t i o n  and the nitrogen bubbling 
i s  continued. 
For 0.1 N. sodium hydraxide, 0 . 6 . g r q  of ac id  phthalate  i s  used. 

- .  

- 
Standard hydrochloric acid i s  used a s  a run-back i f  necessary. 
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To compare the  0.1 N. sodium hydroxide with 0.1 N. hydrochloric acid, 
30 i.l. of hydrochloric acid a r e  measured out i n to  a I25 nl. Erlenmyer f lzsk,  
and t i t r a t e d  with sodium hydroxide using 3 drops of 0.02% methyl red indicztor .  
No preczutions t o  exclude carbon dioxide a r e  necessary. 

Calculations--correction f o r  isotopic  concentration,--In calculat ing . 

the  -per cent boron, the  atomic weight t o  be used must be corrected by an i so topic  
analysis.  It has been the general  pract ice  i n  t h i s  laboratory t o  ca lcu la te  t h e  
per cent pu r i ty  2 s  (CH3)20:BF3 from t h e  boron and f r o m  the  f luor ine  determinations 
atid t o  use these values i n  the records rz ther  than the  per cent boron and per cent  
fluoririe. The molecular weight of (CH3)2O:BF3 used in calculating niust be 
corrected by isotopic  analysis .  
weights used, 

In Table I are  shown the atomic and molecular 

TABLE I 

Molecular and Atonic Weights 

' Molecular Weight Ratio (CH3)2O :BF3 
(m3)20 : B F ~  (M3) 20 A t o m  % &o Atomic Weight B 

11 001 
10 . 91 
10 '. 81 
Lo .61 
10 . 51 
10.41 
10.31 
10 . 21 
10 .ll 
10 001 

u) 071 

U.08 

113.S8 
113 98 

113 78 
U.3.68 
113 . 58 
113 :48 

U.3 28 
113 . 18 
113 -08 

113 38 

Interpolat ion from the values in the t a b l e  can be used f o r  accurate 
atomic and molecular weights f o r  any known i so topic  abundance of  boron. 

Analysis in the presence of iron.-Corrections to 'be  applied t o  the  
observed analyses when the  t i t r a t i o n s  a r e  s a d e  in the presence of i ron are 
shown i n  Figure 2, 
c.lrrected by subtract ing a correction which i s  3 knoim per cent of t h e  value 
t o  be corrected. 
.bout 2.5 milli-equivalents of boron. 

The observed t i t e r  o r .  the  calculated per cent pu r i ty  i s  

These corrections a r e  va l id  only f o r  t i t r a t i o n  of  samples of 

When l a r g e r  amounts of imb  are  present,  t hey  must be removed by 
prec ip i ta t ion  with sodium hydroxide. 
but f luor ine  must be determined gravinetr ical ly .  

Boron can bs t i t r z t e d  i n  the f i l t r a t e  
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Duplicate NaOH Ti t ra t ions 

Analysis of  pure ( CH3) 20 :BF3 

~ % BF3.CH30CH3 % (cH~)~o:BF~ 
Material Desknation by F Ti t ra t ion by B Ti t ra t ion BIO 

c Pure C m p l e x '  D-195 . 100.0 100.1 
loo 00 100.0 
100 .o - 

. 100.00fo.00 
io0 . 1 - 
100.07b .04 15 

" 
- <  

p Column 2 D-265 99.9 99.9 
99.9 
99 90& .OO 33 

' D-780 
I 

100 .o 100.0 Column 2 
100.0 
loo e oo& 000 
-- 

28 
I 

Column 7 D-785 .. 99.8 9909 
100 .o 99.9 - 

92 
- 
99 A5fD 005 99.95w.05 

Colulm 7 ' D-346 99.9 99.9 , r =  
T. - 99.9 

..99.90%0 -00 94 
. 

Analysis of product (95% B l o )  

Lot 66 99.9 99.9 Shipment 

96 

Lot 67 99.9 Shipment 
4 r . ,  

99.9 
99.9 
99.90b.00 96 

- ./ 99 09 Lot 68 . 99.9 Shipment 
*- 100.0 

99.95fo.05 96 

. ,  

96 

Shipment Lot 69 99.9 100.0 ' 

100.0 - 
99.9530.05 

3 

-_ . . 
' , :--j 
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- C. Evaluation of Procedur'e 

Accuracy and precision.--In the  use of t h i s  method f o r  routine analyses 
during t h e  period of over a year s ince t h e  o r ig ina l  S.A.M. report2 on t h e  method 
was wri t ten,  considerable data  have been obtained concerning the accuracy of the 
m e t  hod. 

The o r ig ina l  t e s t s  of t h e  accuracy of the method were made by analysing 
samples of pure (CH3)20:BF3 prepared irr the laboratory and d i s t i l l e d  a t  room 
temperature i n  a high vacuum by application of l i qu id  nitrogen t o  t h e  receiver.  
The pure (CH3)2O:BF3 now used in t n i s  laboratory f o r  t e s t ing  i s  made by t h e  
react ion between BF3 and (CH )20 condensed together  i n  a vacuum system by the  
appl icat ion of l i qu id  a i r .  2h is  (CH )2O:aF3 is evacuated thoroughly and used 

i-Iarshav? BF3 and duPont (cH3)20. 
without fu r the r  purif icat ion.  In a1 1 cases the  complex has been made from 

Since a unit f o r  t he  f rac t iona t ion  of the boron isotopes in (CH3)2O:BF3 
is  available,  it i s  possible t o  compare samples which have been separated by 
f r ac t iona l  d i s t i l l a t i o n  in a unit which i s  capable of separating t h e  isotopes 
and should therefore  be capable of separating any chermcal impuri t ies  present i n  
the  feed  (CH3)9:BF3. 
bottom of the  second and the seventh column i n  a system of e ight  columns operating 
i n  series. 
impurit ies.  
3 - t m t i o n  procedure are shown i n  the first f ive  &ies of Table 11. 
2xcellent agreement of these values with t h e  theo re t i ca l  value of 100.0% my be 
used as evidence f o r  a claim t h a t  t he  accuracy of an average of  a number of 
determinp.tions i s  within 4 0.1%. 

Samples f o r  t e s t ing  the  t i t r a t i o n  a re  taken from t h e  

The end columns a re  avoided because of possible accumulation of 
The analyses which have been made f o r  the  purpose of t e s t i n g  t h e  

The 

Basis f o r  modifications.--1. The empty weighing tube i s  weighed before 
f i l l i n g  in order to. avoid d i f f i c u l t i e s  due t o  small pieces of g lass  breaking o f f  
when. the  sample tube is broker, open. 

2. The water i s  not cooled before dissolving the sample because the 
(CH3)20 l i be ra t ed  by t he  react ion of H20 with (r,H3)2O:BF3 will escape around the 
stopper whether o r  not t he  water is  cooled. 

3. The e l G a t i o n  of 0.3 R'. HCl i s  an obvious simplification. 

4. It has been found tha t  omission of t h e  CaF2 f a t r a t i o n  introduces a , 

ymsiderable  s impl i f ica t ion  i n  routine de teminat ions .  . The object of  f i l t e r i n g  

.-esulti?g from the  filtering operation tends t o  &e the.end point as d i f f i c u l t  
as  ever. The re la t ive merits of t h e  two methods a r e  a t  best ,  'debatabk. 
routin? determinations, t h e  analyst  l earns  t o  detect  t he  end point even though it 
is  not sharp, and the  simplest method i s  adviszble. 

t o  improve t h e  end point by providing a c l ea r  solution. .The increased volume 

In 

5 .  The procedure used at S.A.M. ac tua l ly  involved cooling the soluf:m 
'P3fore t i t r a t i n g ,  t h e  statement in the  report2 notwithstanding. 
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CdrPection f o r  Iron in F Analysis 
* 

Iroh T i t e r  ,ml . Error  i n  Error  in 
1 0 Present 0.3 N. NaOH T i t e r ,  m l .  Fluo r h e  Determination 

L -  
r.. 

. . .  

..- 

0 -0% 17.68 0 -00 
0.5 17-75 0.06 
1 .o 17 72 0 -04 

0 .oo% 
0.34 
0.23 

. I ron 
Pres ent 

0 ;o%. 
0 .1 
0.3 
0.5 
0.7 

~ 1.0 

Sample 

Shipment 

Shipment 

Column 2 

Column 7, 

TABLE I V  

Correction f o r  Iron i n  B A.nal;ysis 

Titer&. Error  in Error  in 
0.1 N. NaOH T i t e r ,  nl, Boron Determination 

34 51 0 moo 
34.53 0 002 
34.60 0.09 
34 . 68 0.17 
34.  84 ‘ 0.33 
34 . 84 -0.35 

TABLE V 

Variation in Sampling Procedme 

Designation WeighinR Method 

Lot 28 Sealed Tube 
Weighing Bottle 

Lot ‘29.  SeCLed Tube 
Weighing Bott le  . 

5780 Sealed Tube 
Stoppered Tube 

D-785 Sed.ed Tube 
Stoppered Tube 

0 .oo$ 
0 -06 
0.27 
0.51 
1 .oo 
1.05 

% (m3)20 BF3 
By F T i t r a t ion  

99;5 
99.6 

99 -9 
100 . 2 

100 -0 
100.0 

. 99.9 
. 99.9 

Q 

% (~~3120 BF3 
By B Ti t ra t ion  

100 .o 
100 . 1 

’ -  100.2 
3.00.2 

loo -0 
100,o 

99.9 
99.9 

I .- 

-7 ‘“4 
. . . . . . . . . . . . . . . .  l5a ~ 
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6. The corrections f o r  isotopic  concentrations shown in Table I were 
l lated using the  ma s spectrometer value f o r  the normal abundance r a t i o  

~'$3'Lo = 4.31 (18.G Bfo) obtained by Inghram,17 and the accepted masalspectrograFh 
values18 f o r  the weights of the  individual isotopes (d-0 - 10.01605, B 
The 1943 atomic weightsl-9 f o r  carbon (l2.01), hydrogen (1:0080), oxygen (16.00), 
and f luor ine  (19.00) were used, these being the l a t e s t  avai lable  values and agreeing 
with the  inost recent Internat ional  Atomic Weights. 
carbon, oxygen, and hydrogen was assumed. 

= 11.01286). 

Negligible ' fractionation of  

7. The corrections f o r  the presence of i ron were made by t i t r a t i n g  
samples of pure (CH3)2O:BF3 eontaining various amounts of added f e r r i c  su l fa te .  
The data  used t o  construct t h e  graph in Figure 2 were taken from Tables I11 
and I V .  
the  per  cent corrections.  

A t i t e r  of 25 m l .  of sodium hydroxide solution was assumed in calculat ing 

8. The use of a stoppered weighing tube instead of a sealed weighing 

is  poured i n t o  t h e  water involves an even grea te r  simplification. 
tube involves a simplification. The weighing b o t t l e  technique in which the  
(CH )20:BF 
Altdough s a m e  white fumes escape on pouring the  (CH )20:EF3, t he  data  i n  
Table V ind ica te  t h a t  accurate ,analyses can be obtzined by the  carefu l  use 
of t h i s  technique. 

9. The e f f ec t ,  if any, of  s t a r t i ng  the nitrogen bubbling before 

The rapid method f o r  isotopic  concentrations'' is  generally carr ied 

making t h e  f ina l  adjustment of t h e  ind ica tor  i s  small. 

out w i t h  solut ions containing 5..00 m l .  of (CH3)20:BF 

amount of BF t i t r a t e d  i s  approximately equal t o  tha t  obtained in t he  regular 

a re  t o  be made in conjunction w i t h  'rapid i so topic  analyses, 5 ml. samples a re  
taken i n  a weighing bot t le .  

250 m l .  of water. 
' Ten m l .  samples taken from these solutions are  suita -2 l e  f o r  t i t r a t i o n .  The 

procedure. 3 or  rout ine determinations in which boron and f luor ine  determinations 

The determinations Table V,  a l l  made wi th  2.8 gram samples, 
indicate  tha t  the  three  methods are equivalent. 
has, howevzr, not been accepted except f o r  routine determinations. 
stoppered tube procedure is accepted as e n t i r e l y  sat isfactory,  although the  
determinations reported i n  the  study of t h e  accuracy and precision of t h e  
'method (Table I )  were a l l  made by the  sealed tube procedure. 

The weighing b o t t l e  procedure 
The 

Modifications 1 to 5 inclusive are ,believed not t o  have introduced any 
detectable  change in the results obtained. 
corrections which a re  known t o  be necessary. 
detectable  change, but has not been accepted as o f f i c i a l .  

Modifications 6 and 7 involve 
Modification 8 does not show any 

.Methods reported in the  literature.-Procedures f o r  t he  determination 
of boron and f luor ine  in addi t ion compounds of boron t r i f l u o r i d e  have been 
described by several  authors. 
t i t r a t i o n  and f luorine by t h e  lead chlorofluoride method i n  addi t ion compounds 
of amines without taking any precautions t o  hydrolyse the  borofluoride 
bond. The precision obtained in the  boron t i t r a t i o n s  was poor. 

Kraus and Brown20 detelmined boron by 

81 
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21 . 
TAB= VI1 

Comparison wi th  Recipient f s Analyses 
:- . 

$ (CH3)2O:BF3 by F Analysis 

Recipient This Laboratoly Dif f . 
% (CH3)2C:BF3 by B Analysis 

Recipient This Laboratory Diff . .. ht No. .- 
I 

99.3 
100 .o 

99.3 
99.3 
99 04 
99.3 
99.4 
99 -0 
99.3 
99 .o 
99.5 
99.5 
99.2 
99.1 
99.4 
99.4 
99.5 
99.3 
99,8 
99.7 
99.8 

28 
29 
30 

99 03 
100 00 
99.9 
99.7 
99 8.9 
99.9 
99.7 
99.7 
99.5 
99.8 
9907 
99.6 
99.6 
99.5 
99.9 
99.8 

100.0 
99.9 
99.8 
99.7 
99 -8 

99.5 
100.0 
99.6 
99.7 

loo 01 
loo .o 

99.9 
100 .o 
99;7 

100 02 
100.1 

99.7 
100 .o 
100.0 
loo .o 
99.9 

100 .o 
99.7 
99.8 
99.8 
99.7 

i o  .2 
0.0 

4 . 3  . 
0 .o 

+0.2 
+0.1 
+0.2 
w.3 
tQ.2 
to.3 
+O a4 
4-0.1 
w 04 
f l . 5  
40.1 
W * l  
0 .o 

4 . 2  
0.0 

'4.1 

99.9 
100 02 

99 04 
99.9 

100.0 
100.1 
100 .o 
99.9 
99 08 

loo 00 
99.9 

100 .o 
99.9 
99.9 

100 00 
99 08 
99 09 
99.5 
99 09 
99.9 
99.9 
99 .8 
99 0 9 0  
0.09 

33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
4 5 
46 
47 
48 
49 

Lvg . 
:;,d. 

c 

99.7 
99 . 74 

99.9 
' 99.88 

99.7 
99 42 

cO.1 
rcO.48 I 

t * 0,u f 0.15 5 0.19 S . 2 3  

. 

P 
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Author 

Kraus & 
Brown 

Bowlus & 
Nieuwland 

Pflaum & 
Wenake 

Laubengayer & 
F i n l a y  

Method 

K & B  

B & N  

P & W  

P & W  

* 

/ TAJ3IE VI 

Analyses f r o m  Published L i t e r a t u r e  

Compound - 
"3 :BF3 

(Me COOH )*:BF3 

( M& coom f : BF 
(MeCOOEt ) : B$ 

NH3 : BF3 

(MeCOOMe) :3F3 

(Me COOEt ) : BF3 

Me20 :BF3' 

E t  20 : BF3 

(EtCOOH) :BF3 

t'leOEt : BF3. . 

P u r i t y  
F 

anal. - - 
99.9 
99.1 

100.4 
101.1 

- - - - 
102.1 

~ 100.3 
99.8 
10L1 
99.6 
100 . 3 
98.8 
100.1 

97.8 
100 . 5 
99.3 
101.4 ' 

, B  
anal. 

98 
110 - - - - 
98.4 
96 .4 

107.2 
98.6 

99 03 
100 00 
99 06 
99.8 

102.01 
101.4 

99 
1 4  
120 
94 

104 

109 

* (Boron determinat ion by method of P f l a m  and Wenzke, f l u o r i n e  determinat ion by 
. method of ,  deBoer & Basart.) 
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Bowlus a id  Nieuvland21. used a Carius tube decommaition t o  decompose organic 
addi t ion compounds. 
i n  t h i s  w y .  
precise  r p m t i t a t i v e  r e s u l t s  have been claimed i s  tha t  of Pflaum and VJenzEre.22 
These authors decomposed the compund with sodium peroxide.in a Paar bomb, 
removed the a l k a l i  by boi l ing vaith'amonium salts, precipi ta ted t h e  f luorine a s  
calcium f luoride,-and t i t r a t e d  the  boron a f t e r  removing t h e  ammonia by boiling 
i n  a lkal ine solut ion.  
method of Pflaum and Vienzke using a sodium hydroxide hydrolysis. 
obtained was not a s  good as tha t  reported by F'flaum and VJenzke although it  i s  
not cer ta in  j u s t  how closely the procedure of Pflaurn and 3enzke was followed. 
Laubengayer and Finlay a l s o  used a zirconium t i t r a t i o n 2 4  f o r  one of t h e i r  f luor ine  
determinations and found t h i s . a s  s a t i s f ac to ry  as the gravimetric method of 
P f l a u n  and Nenzkc . 

They obtained s l i g h t l y  b e t t e r  r e su l t s  f o r  boron t i t r a t i o n s  ' 
Ti?e on ly  procedure appearing in t h e  published l i t e r a t u r e  f o r  which 

Laubengayer and Finlay23 reported t h a t  they used the 
The precision 

The da ta  reported by these workers i s  shown in Table V I .  The values 
a re  calculated as per cent p u r i t y  to provide a comparison with t h e  (CH3)2O:BF3 
analyses described in this report. 
by Bowlus and Nieuvrland and nitrogen determinations made h~ Kraus and Brow a r e  
a l s o  shown. 
precision. 

Carbon and hydrogen deLerminations made 

The carbon determinations a p p r e n t l y  can be' made with f a i r  

Although considerable work has been done with boron t r i f l u o r i d e  
addi t ion compounds i n  recent years, most of t he  invest igat ions have not depended 
on chemical analyses t o  es tabl ish the  i d e n t i t y  of the compounds prepared. 
capers mentioned above a r e  the o d y  recent ones which have ser ious ly  considered 
t h e  problem of chemical analysis  of BF3. The bes t  procedure in t h e  published 
l i t e r a t u r e  i s  t h a t  of Pflaun and Wenzke. Their proceduk, judged by the  
analyses which they reported, is  not capable of tkie precision obtained by the  
S .A.M. method . 

The 

, 

Procedure used by recipient  of product.-The product prepared i n  t h i s  
laboratory has been analysed by t h e  Rc ip ien t  of t he  mater ia l  and h i s  analyses 
have been reported t o  t h i s  laboratory f o r  purposes of  comparison. 
used by the  recipient  f o r  t hese  analyses is  a modified form of the  Judson and 
Turner method2 i n  which a l a rge r  sample i s  used, no excess sodium hydroxide i s  
added, and a blank correction is applied. 
data  avai lable  f o r  comparison of the r ec ip i en t ' s  analyses with t h e  analyses 
made i n  t h i s  laboratory according t o  t h e  procedure described i n  t h i s  report .  
The descr ipt ion of the procedure used by t h e  recipient25 and t h e  analyses 
reported26 were transmitted through'czpt. Chapman of t h e  Chicago Area Office. 

The procedure 

In Table VI1 are recorded a l l  of the 

\ 

The agreement of t he  f luorine analyses re-ported by t h e  two laborator ies  
is exocllent. 
/i.verage values have been calculated f o r  the  22 samples reported and average 
deviations calculated. Since t h e  s m p l e s  are not a l l  ident ica l ,  t h e  deviatior. 
t3 a measure of the  var ia t ion  i n  saaplas as well  2s i n  the a n d y s i s .  However. 
- L cal'culated deviations do show t h a t  t h e  difference between t h e  boron ana lpa :  
!-.:ported by the  two labora tor ies  i s  considerably l a r g e r  t h a n  the  deviat ions u- 
Li . ,  analyses, implying the  existence of a reproducible discrepancy. 
;-.-idence presented in t h i s  report  establisk' ts  s u f f i c i e n t l y  the  v a l i d i t y  of th6, 
9 - i g i n a l  Judson and Turner procedure, then a s l i g h t  but d e f i n i t e  e r m r  (0.5%) 

The boron analyses show a de f in i t e  and reproducible discrepancy. 

- 1 % .  

If the 

1wLCLd heye t o  be a t t r i bu ted  t o  t h e  modified procedure used. by the  recipient f o r  
FJ* ):.on analyses . I 

8 1  
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Desi rab i l i ty  of f u r t h e r  modifications.--1. Modified procedure leading 
t o  erroneous results.--An attempt was made in t h i s  laboratory t o  s implify the 
S.A.M. procedure fur ther .  
would appear t h a t  the theo re t i ca l  amount of sodium hydroxide could be added i n  
one s t e p  with a s l i g h t  d e f i n i t e  excess, and t h a t  a s ingle  r e f lux  period of th ree  
hours should complete t h e  hydrolysis. A procedure was t r i e d  i n  which a s l i g h t  
excess over the  calculated amount of sodium hydroxide was added' i n  one s tep .  
r e s u l t s  obtained by using t h i s  procedure were, however, in considerable e r r o r  
as shown in Table V I I I b  

When the  amount of €3'3 present i n  solut ion i s  known, it . 

The 

TABm V I I I  

Modified WaOH T i t r a t ions  

Sample 

Shipment 

Shipment 

Feed 

Feed 

Sample with added HF 

De sipnat ion 

Lot 33 

ht 31 

C-581 

I c-790 . 

Pro c edur e 

s.A.M.~ 
Nodif i e d  

S.A.U.  
Modified 

S.A.M. 
Modified 

S .A.M. 
Modified 

S.A.M. 
Modified 

% (CH3)20:BF3 
By F T i t r a t ion  

loo 00 
102.5 

99.7 
101 . 9 

99.2 
102.4 

99d4 
101.8 

101.2 
103 a 4  

% ( c H ~ ) ~ o : B F ~  
By B i t r a t i o n  

100 . 1 
100.2 

99.9 
99.8 

99.7 
100.0 

99.7 
99.9 

99.6 
100.0 

The explanation.of t he  cause of  t h i s  e r r o r  i s  not immediately obvious ' 
' *  presented oply t o  emphasize the  necessi ty  of following a proven procedure 

gltliough a de ta i l ed  invest igat ion of the problem was made. 

exp lk i t3y .  
work should check carefu l ly  with t h e  purest avai lable  (CH3)2O:BF3. 
s l i g h t e s t  modification is made a t  any time, it i s  necessary t h a t  careful checks 
be made t o  show t h a t  agreement can be obtained with t h e  o r ig ina l  procedure. 

The da ta  are 

It is reqomended tha t  any analyst using t h i s  procedure for precise  
If the  

In  spite of the  necessi ty  f o r  following an empirical  procedure, 

2. Original Harshaw procedure .-In the  procedure o r ig ina l ly  suggested 

excellent precision can be obtained as was shown in Table 11. 

by the  Harshaw CompanyL, and in t h e  procedure reportedly followed by t h e  
recipient25, t he  f luor ine  t i t r a t i o n s  were car r ied  out i n  a la rge  number of s teps  
:lever adding an excess of alka l i .  
rLght have some advantages, although it would not be convenient f o r  routine 
r-Talyses . 
( _* t i r e l y  sa t i s f ac to ry  results have been obtained by t h e  .S.A.M. Laboratories 
;?.ocedure2, no invest igat ion comparing the  two procedures has been attempted. 

From a theo re t i ca l  standpoint t h i s  procedure 

Since the  Hawshaw Company's procedure. i s  much more  laborious and S:LI c'; 
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1" 
3 .  Blank corrections.-Careful consideration has been given t o  possible 

methods of calculzt ing a blank correction. The coiiclusion has been rvached tha t  
no d i r ec t  method can be developed fo r  c a l c u k t i n g  a correction f o r  t he  blank due 
t o  t h e  a t tack  of the  hydroxyl o r  f luor ide  ion on g l a s s  vessels ,  o r  t o  t h e  f a i l u r e  
of the borofluoride bonds t o  be  completely hydrolysed. The extent  t o  which g l a s s  
i s  at tacked by various amounts of excess a l k a l i  has been suggested as a method of  
studying t h i s  e f fec t ,  but the  ac t ion  i n  the presence of boron t r i f l u o r i d e  i s  not 
necessar i ly  the same. 
negl igible  must be based on the t i t r a t i o n s  shown in Table I1 in which 100.0% 
analyses were obtained. 

The f a c t  t h a t ,  in the method used, t he  blank required i s  

' 4. Use of l a rge r  samples.-It was suggest2,d by Judson and Turner2 tha t  
a procedure .nigh6 be preferable i n  which a l a rge r  sample i s  used. 
t h a t  time had shown tha t  s a t i s f ac to ry  resu l t s  could not be obtained when l a rge r  
Samples were used i n  the  procedure described. 
longer hydrolysis period, l a rge r  simples could-be used and the  d i f f i c u l t y  of 
estimating t h e  end point decreased. It appears probable t h a t  a blank would be 
required iln such a t i t r a t i o n  as w a s  found i n  the method used by the  recipient.  
The high precision a t ta ined  with t h e  present procedure as. shown in Table I1 
indicates ,  however, t h a t  fu r the r  modifications zire not required. Since any 
procedure f o r  using l a r g e r  samples would necsssarfiy be more involved, there  i s  
no apparent advantage t o  such a modificetion. 
blank must be determined by analysis  of 100% (CH3)2O:BF3. 

Experiments a t  

It was thought t h a t  by using a 

I f  such a method i s  used, t he  

3 .  Anal.yses in the presence of iron.-For accurate analyses i n  the 
- presence of considerable i ron,  the  i ron must be removed by sodium hydroxide 

precipi ta t ion.  Fluorine 
must be determined gravimetrically as calciun f luoride.  
modification of t h e  Pflaum and Wsnzke method using the Harshaw hydrolysis procedure 

Boron can be determined in the f i l t r a t e  i n  the  usual way. 
It i s  probable tha t  a 

would be t h e  most s a t i s f ac to ry  method of accomplishing this. 
I .  

> 
6. Fractionation of oxygen, hydrogen and carbon.-Fractionation of  t h e  

M~CaulaS;?~ has come t o  t h e  conclusion t h a t  t h e  separat ion i n  

isotopes of oxygen, hydrogen and carbon a l so  takes  place during t h e  f rac t iona t ion  
of boron. Consideration must be given t o  t h e  possibi l i ty  t h a t  t h i s  affects t h e  
molecular'weights. 
t h e  boron f rac t iona t ion  takes  place primarily in the  dissociat ion of t h e  boron- 
oxygen bond. 
be grea te r  than t h a t  of carbon, and probably grea te r  than t h a t  of hydrogen. 

7 

The i so topic  f rac t iona t ion  of oxygen would therefore  be expected t o  
e 3 

47 , 
It was reported by Schutz28.that the  r a t i o  of  018 t o  015 i n  t he  

t h e  normal ra t io2e i s  0.0020, the  r a t i o  in the product i s  therefore  O.OC8 changing 
t h e  molecular weight of (CHj)20 from 46.07 t o  46,08. 
f rac t iona t ion  on t h e  values i n  Table I is  n e g l i g i b h .  

qlt i o  used d i f f e r s  s l i g h t l y  f r o m  t h e  accepted l i t e r a t u r e  value- which i s  
B-!-/B1O = 4.44 (18.4% $0). 
acczpted 1943 atomic weights as determinec! chemically19 (B = 10.82). 
on t h i s  bas i s  i s  Bl1/E@ = 4.17 (19.4% B10) assumirg a s  before t h e  mass spectro- 
graph value f o r  the  weights of t he  individual  isotopes.18 Errors due t o  t h e  

Tablc I by more than 0.005 atonic  weight uni ts .  

' product contfiinin 95 atom % $0 was only four  times t h e  normal r a t io .  Since 

Thus the  e f f ec t  of o-xygen y . .  

@ 
7. Use of other values f o r  abundance of boron isotopes.-The abundance 

S t i l l  another value can be calculated from the  
\ :  

The value 

assumed value of the abundance r a t i o  w u l d  not a f f ec t  t he  a tonic  weights i n  1 3 1  . 

...................... . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . .  . . . . .  
0 0  000  f L o  : c J  0 0 .  0 0 .  : : z o o  E o *  

~ 



-20- 
I 26 . 

D. Correction i n  Report A-1299 

An e r r o r  w a s  made in sect ion V.C. or! page 10 of S.A.M. report  A-129q2 
,in Ihich the  sodium hydro*uide t i t r a t i o n  w a s  o r ig ina l ly  described. 
showing the  e f f ec t  of standing in Pyrex on the observed t i t r a t i o n  should appear 
a s  shown in Table I X  below. 

The t ab le  

:'?& 
TABLE I X  . 

ChanFe in Boron T i t e r  w i t h  Time of Standing 

, Date 
Solution A n a  l y  s e d %F %B % s q  

1 5/19/wc 49.3 9.4 - - 5/31/44 49.4 10 . 17 

The e r r o r  was made in t h e  calculat ion of per cent fluorine4 
drawn tha t  t he  apparent boron t i t e r  increases a s  does the  s i l i con  concentration 
while t he  f luor ine  t i t e r  remains e s sen t i a l ly  unchanged, in s t i l l  val id .  

The conclusion 

, v. DIXETHYL ETHER DETERMI~TION 

A. Introduction 

A method f o r  t h e  determination of dimeth 1 e t h e r  with an accuracy of  
' 2% was described by Kirshenbaum, Sabi, and Schutz.5 Following sug s s t ions  made 

T h e  m e t h o d  consis ts  e s sen t i a l ly  
by t h i s  laboratory,w a modified procedure was described by S,.k.M.51 The la t te r  
proceciur? has been fol lowed in all essent ia l s .  
i n  the measurement, of t h e  loss  i n  weight when sodium f luor ide  i s  added t o  a 
mixture of (CH3)?O:BF3 and water. 
and sodium f luoride and t h e  e t h e r  i s  evolved as a gas. 
reproducible determination$ can be made if 20 minutes are allowed a f t e r  t h e  
addi t ion of t h e  sodium f luor ide  before t h e  f i n a l  weighing i s  'made. 

k compound i s  f o r m e d  between boron t r i f l u o r i d e  
It has been found tha t  

3 

\ 

0 Kirshenbaum found t h a t  a correction term was required f o r  the 
s o i u b i l i t y  of dimethyl e t h e r  in water. Actually t h e  correction due t o  s o l u b i l i t y  
of  the  dirrethyl e the r  i s  pa r t ly  compensated by a correction in' t he  o p p s i t e  
d i rec t ion  due t o  t h e  boron t r i f luo r ide  which sscapes mechanically from the bo t t l e  
during the  addi t ion of sodium f luor ide .  It has been found necessary t o  have each 
analyst  per iodical ly  determiiie h i s  own c o r r e c t i m  term using pure (CH3)20:BF3. 
E2determinations of the  correction term' should be mde  regularly. Redis t i l l ed  
(T!3)20 :BF3 'taken from 'the second c o l ~ m  or" t h e  f rac t iona t ion  uni t  has bean 
usect'as a standard f o r  making t h i s  corrsction. 

...................... . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . .  
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The de ta i l ed  procedura i s  described below. Experiments are  described 

i n  which t h e  timz required f o r  equilibrium was determined. 
determining’,the correction term, and f o r  evaluating t h e  accuracy and precision 
a r e  presented. 
extreme care. 

The d a t a  used f o r  

It i s  believed tha t  a precision of 0.5% i s  a t t a inab le  with 

‘B. Procedure f o r  ,Dimethyl Ether Determination 

A 40 x 80 m. weighing bo t t l e  w i t h  a standard taper  stopper f i t t e d  on‘ 
the  outs ide of the  body i s  d r i ed  in the  oven along with a s t i r r i n g  rod j u s t  long 
enough (95 ,mi.) t o  f i t  ins ide  the  b o t t l e  w i t h  the  cap on t h e  bot t le .  These a r e  
cooled, and weighed. 
analysed a r e  added t o t h e  b o t t l e  using a graduated pipet which has been dried 
by washing wi th  acetone and removing the acetone with a stream of dry a i r .  
(CI! )20:BF 
botzla i s  ?gain weighed t o  determine t h e  mount  of  (CH3)20:BF3 added. 
i s  cooled in a Dewar f l a s k  containing i c e  water. 
cocling, a weight buret f i l l e d  with water i s  weighed. 
weight buret of  10 ml. capaci ty  is very convenient i n  t h a t  it w i l l  stand up 
without t h e  necessi ty  of w i r e s  f o r  suspension. 
empty and again wi th  3.0 grams of reagent gradz sodium f luoride.  
from the weight buret  a r e  poured drop by drop down the  s ide  of t h e  weighing 
b o t t l e  containing t h e  cold ( C H  )20:BF . 
sanple my be s t a r t e d  a t  t h i s  ? h e .  
t o  the  cold (CH3)2O:BF3 with a camel‘s h a i r  brush. 
t he  i c e  wzter and t h e  outside of t he  bo t t l e  wiped dry. 
unti l’bubbles a re  no longer evolved. 
bo t t l e  i s  stoppered and l e f t  f o r  twenty minutes I1 minute from the  t ine when 
the  addition of the  sodium f luoride was completed. 
buret i s  weighed again t o  determine the amount of  water which was removed from 
t h e  buret. 
removed, the mixture i s  st-irred again, t he  cover replaced, and the f inal  weighing 

Approximately 3.0 grams (2.4 ml.) of (CH3)2O:BF3 t o  be 

The 
i s  delivered slowly t o  t h e  bottom of t h e  bot t le .  The stoppered 

The bo t t l e  
While t h e  weighing b o t t l e  i s  

An Eck and Krebs No. 778 

A 3 irich watch glass is weighed 
Two m l .  of water 

The mixture is  again cooled. ‘ Another 

The b o t t l e  i s  remved from 
The ;nixture i s  s t i r r e d  

?he sodium f luoride i s  then carefu l ly  added 

This should take about f i v s  minutes. The 

During t h i s  time the  weight 

After exactly twenty minutes t h e  cover of t h e  weighing bo t t l e  i s  

’ made. 

From t h e  weight of t h e  b o t t l e  and the  (CH3)20:BF3, water, and sodium 

From t h i s  the  per cent dimethyl e t h e r  can be calculated.  

f luor ide  added, and ther f inal  weight, the  l o s s  i n  weight i s  calculated.  
cori-cction term i s  added t o  t h e  loss i n  weight t o  obtain the  corrected mount of 
e ther  present, 
calculzte  tha per cent (CH3)2O :qF3 from t h i s  determination, molecular weights 
corrected f o r  isotopic  concentration should be used. 
obtained per iodical ly  by each analyst  by analysing the  purost obtainable 
(CH 

The 

To 

The correction t e r m  is  

O:BF3 and finding what correction must be added t o  give an a n d y s i s  of 
100 3 3  .Ob. 

Values o f . t h e  f ac to r  f o r  converting from per cent (CH3)20 t o  per  cent 
(CHg)20:BF3 are recorded i n  Table I. 
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C. Evaluation of Procedure 

T h e  allowed f o r  equilibri~.--Er,perimants wcre car r ied  out t o  
deteririine the  time in t e rva l  which should elapse betwezn the addi t ion of sodium 
f luor ide  and the final weighing. 
weight becomes l e s s  than 1 mg. per minute a f t e r  about 20.minutes. 
intervtzl of 20 minutes f 1 minute has been selected as the optimum t h e .  
l o s s  i n  weight w i l l  continue longer, but a f t e r  20 minutes should be reproducible 
t o  h 1 mg. o r  be t te r .  

As shown i n  Table X the  r a t e  of l o s s  i n  
A time 

The 

TABU X 

Approach t o  Equilibrium in Ether Evolution 

Time Loss i n  Weight Rate of Loss i n  a t  
Minutes Grams Grws/Min. 

5 1.224 
11 1.246 
15 1.252 
21  1.2572 

41 1.2578 
27 1.2575 

. 24 

.004 

.0015 

.0003 . 00005 . 00002 

Correction t e r m - 4  correction term must be deterinined by reference 
t o  an assumed lOO.O$ product. 
separately f o r  each analyst  by carrying out duplicate determinations on a sanple 
of t h e  feed stock from t h e  f rac t iona t ion  unit which was pur i f ied  by pumping o f f  
t he  excess (CH3)20 with a Hyvac pump. The correction term required t o  be added 
t o  t h e  weight of (CH3)20 evolved i n  order t o  make the analysis  100.0% was 
calculated.  This correction was then applied t o  each sample analysed, assuming 
t h a t  i f  t he  amount of (CH3)20:BF3, H20, and NaF a re  kept constant the required 
correction term i s  a constant . 

The correction term o r ig ina l ly  used was determined 

I 

It was l a t e r  dedided tha t  fo r  t h e  most accurate appl icat ion of the 
method thit correction t e r n  should be regularly dster&ied t o  compensate f o r  
changes in technique which may occur from time t o  time i n  routine determinations. 
From the  da t a  shown i n  Table X I ,  a l l  obtained by the  same analyst  using t h e  
correction f a c t o r  determined as described above, it was decided t o  use (CH3)2O:BF3 
from column 2 as a standard. This mater ia l  has near ly  the sstne (CH )20 content 
as the evacuated feed used previously as  a s t h d a r d ,  and it has a ( ZH 3120 content 
intermediate betvieen t h a t  of the feed which is known t o  have an excess, and t h e  
r e d i s t i l l e d  product which i s  known t o  be s l i g h t l y  impure. Routine analyses of * 

t h e  (-CH3)20 in t h e  (CH3)2O:BF3 f r o m  column 2 are made and the  correction f ac to r  
i s  per iodical ly  revised on the 'bas i s  of t hese  analyses. For the  analysis  of the  
final r e d i s t i l l e d  product, duplicate de t e ru j j a t ions  of (CH3)2O:BF3 from column 2 
:Ire made a t  t h e  same t h e  as t h e  duplicate determinations of t h e  product being 
qr,alysed. 
d i f f i c u l t  t o  es t imate  th6  absolute pur i ty  of the  standard used f o r  corrections,  
i t  i s  believed t h a t  the corrections obtained by t h e  procedure described a re  as 
accurate as can be.obtained using' the evolution method i n  i t s  present form. 

. 

Although, due t o  t h e  l imi ta t ions  i n  the  precision .of the  method, i't i s  

...................... . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . .  
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29 TABLZ XI 

Ether Determination w i t h  Various Products 

'Column 2 Column 7 Feed Redis t i l l ed  Product 

99.8 99.1 100.7 
100.1 99 e 0  100.3 
99.7 98 04 100 . 5 
98-7 98.7 100 . 9 

* 100.0 99 -2  100 . 8 
100.1 99.6 101 -7 
100.9 99 04 lO0.8 

99.0fo -3 100.2 

- 99 .w e 4  - 98.6 100.7 

100 . &. 3 

99.6 
100.1 
99 -8 
99 e7 
99.6 
99.7 
99.4 
99.7 
99.6 . ' 

99.6fo.2 

TABLE XI1 

Duplicate Ether  Determinations of Shipments 

L A  Analysis Average Analysis Average 

34 99 -4 44 100 .o 
99 -4 * 99mLW-0 100.2 l0o.m.l 

J 35 lOO.0 45 99.9 
99 00 99.5m.5 99.4 99 7fo .3 

36 , 99.3 46 100 . 8 
99.4 99.43.1 100.0 100.4fo . 4 
99 -0 47 101 -3 
99.7 99.4w . 4 101.1 101.2b.1 

37 

39 99.8 48 - 100.1 
100 .o*. 2 100.1 lOO.Oio.2 99.8 

100.3 . 
98.9 

LO 49 99.1 
. 99.3 93 . 2t0 . 1 

- 
99.6W.7 

66% 99.5 
. 98.5 

41 100 -0 
98.8 99.4kO.6 99.m.5 

67%- 99.3 . 

99.2 
42 . 99.9 

99.8' 99.9to.1 

l00.4Q.1 
68-2 98.9 

98.8 
43 100 03 

100 -4 98.W .1 

,-- --- 

\ i  - 
$ 1  
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Accuracy and precision.-Data obtained with the  method a r e  shown i n  

The o r ig ina l  
Tables X I  and XII. 
three week period. 
corrections made from the analysis  of evacuated feed stock were applied. 

Table X I  shows values obtained at severa l  points over a 
A l l  data were obtained by the sane w a l y s t .  

Table X I 1  shows the d a t a  which a r e  avai lable  f o r  duplicate determinations 
of r e d i s t i l l e d  product. 
(CH3)20:BF3 from column 2, and the  o ther  samples were analysed using the  
correction determined w i t h  evacuated feed stock. 

The three  sanples designated by 3 were compared with 

The average deviation f o r  a se t  of two samplos r a re ly  exceeds 0.5%. 
The high values from 100.0 t o  101.2% reported f o r  r e d i s t i l l e d  product appear t o  
be p a r t l y  due' to e r m r s  in the  correction f a c t o r  as i t  i s  doubtful whether any 
o f  t h i s  product c o d d  have had more than 100.0% of the  theo re t i ca l  amount of 
(CH31.20. It is hoped t h a t  improved method o f  obtaining correction f ac to r s  now 
used should make it possible- to  keep the  accuracy within +.5% f o r  t h e  dupl icate  
determinations used f o r  the f i n a l  product and within f 1.0% f o r  ordinary s ingle  
de t  errninat ions. 

Poss ib i l i t y  of fu r the r  improvement.-It i s  not c l ea r  whether t h e  
ult imate limit of t h e  precision and accuracy of t h e  method has bepn reached. 
It would appear t h a t  it might be  possible t o  develop a technique based on t h i s  
method such t h a t  the  l o s s  i n  weight due t o  e t h e r  evolution could be measured 
t o  
extreme care i n  avoiding l o s s  of material ,  in making sure t h a t  a l l  complex 
reacts ,  and i n  allowing t h e  f o r  complete equilibrium t o  be reached. 

1 mg. which would correspond t o  a precision of 0.1%. This would require  

Bowlus and Nieuwland21 used carbon and hflrogen d e t e h n t i o n s  i n  t h e  
analysis  o f  organic addition compounds of BF . 
useful  f o r  accurate rneasuremnts of t he  (CH3 3 20 content of (CH3)20:BF3, 

Such determinations might be 

VI. KARL FISCHER HYDROXYL IE?IEFWJNATION 

A. Introduction 

The Karl Fischer reagent as' developed by Smith, Bryant, and Ed i t~he113~  
i s  used f o r  t he  determination of hydroxyl groups present i n  (CH3)20:BF3. The 
Karl Fischer reagent, cons is t ing  of a mixtur5 of pyridine, iodine, and s u l f u r  
dioxide, i n  a methanol solvent was used by Smith Tor the  t i t r a t i o n  of water in 
accordance with reactions (1) and (2) using.the appearance of the  iodine color  
a s  t h e  end point. 

...................... . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . .  ....................... 
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The iodine reac ts  with water in t h e  presence of sulr"ur dioxide, pyridine, 

P and methatlo1 in accordance with t h e  reactions shown. 
reacted, t h e  red c o l o r  o f  unreactad iodine appears. 

i?hen the  water has a l l  

The procediire used f o r  the determination of water in (CH3)20:BF3 w a s  I 
-A 

'\ 1, developed by Kirshenbaum.4 A thorough invest igat ion of  the d e t e m n a t i o n  w a s  
described in a report  by Kirshenbaum.33 

The presence of BF3 causes t h e  premature appearance of t h e  iddine color,  
presumably because of the react ion of BF3 with water o r  sulfur dioxide or both. 
To eliminate t h i s  d i f f i c u l t y  Kirshenbaum added pyridine t o  remove t h e  BF3 by 
forming the pyridine complex. 
Bryant, Nitchell ,  and Smith,S although the  problem encountered by Bryant was 
di f fe ren t .  

presence of (CH3COOH)2:BF3 reac ts  w i t h  the methanol in the  Karl Fischer reagent 
l i b e r a t i n g  water which i s  t i t ra te 'd .  
ca ta lys t  and prevent e s t e r i f i c a t i o n  of t hc  methanol solvent . 

T h i s  method of removing BF3 had been used by 

In t h e  case encountered by Bryant ace t i c  acid was present and t h e  BF3 
 had aiready been converted t o  t h e  ace t i c  acid complex. Acetic acid in t he  

Pyridine was added t o  r e r ive  t h e  BF3 

Kirshenbaum used dioxane a s  a solvent f o r  (CK3)2O:BF3. Experiments in 
t h i s  laboratory have shown tha t  e i t h e r  methanol o r  dioxane may be used. 

The procedure used is  described in d e t a i l  below. In  evaluating t h e  
procedure detai led consideration i s  given t o  t h e  meaning of t h e  observed 
Karl Fischer titers. 
although it i s  known t h a t  B-OH and BIO groups a re  determined as  H2B by t h i s  
procedureB5,34 
Karl Fischer reagent t o  form H20. 

The r e s u l t s  a r e  calculated i n  term of per cent H20, 

H3BO3, f o r  instance,  reac ts  with t h e  methanol solvent i n  the  

B(OH)3+ 3 CH30H = B(OCH3)3 + 3 H20 ' (3) 

Although Taylor35 has questioned the assumption t h a t  a l l  B-OH and 
B=O groups w i l l  be t i t r a t e d ,  evidence i s  presented t o  indicate  t h a t  t h i s  
assumption is val id .  The procedure is therefore  r e fe r r ed  t o  as a hydroxyl 
determination. 
one hydroxyl gmup by Karl Fischer analysis  was shown t o  have two t i t r a t a b l e  
hydroxyl groups . 

The comljound HBF2(OH)2 which Taylor maintained would show only 

. .  
It i s  k n o ~ n 3 3 3 3 ~  tha t  t h e  observed Karl Fischer t i t e r  of (CE3)2O:BF3 

I decreases on heating. Data are presentled t o  show t h a t  the  mechanism used by 
Taylor35 t o  explain t h i s  i s  incorrect .  A l l  avai lable  evidence points t o  the  
conclusion tha t  the  hydroxyl groups which disappear a re  no longer present as 
hydroxyl groups. 
experiments36 i n  which the formation of CH3OH i s  postulated has been invest igated 
by, a hethoxyl determination described below, 

-- 

Another mechanisrn'for the  disappearance suggested by Hiebert ' s  

The development of a Karl Fischer reagent not containing methanol w a s  
Experiments a re  described suggested f o r  distinguishing' H$ from B-OI-! compounds 

- showing th& Karl Fischer reagent i n  dioxane i s  not s a t i s f ac to ry  f o r  analyses of 
( CH3) 20 :BF3 
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B. Procedure f o r  Hgdroxyl Determinations 

Reagents .-The Karl Fischer reagent i s  
This i s  the  same reagent d i rec t ions  of Smith.32 

prepared in accordance 
33 used by Kirshenbaum. 

w i t h  the 
Instead 

of weigning l i qu id  S02, t he  SO2 i s  measured volumetrically by bubbling in to  
CH3OH, following a suggestion in the Belle Works Control Laboratory Procedure37 
f o r  the determination of H20 i n  (CH3)zO. 

Approximately 2 l i t e r s  of reagent are made by dissolving 156 grams of 
Mallinckrodt A.C.S. reagent iodine i n  500 ml. of Baker's ana ly t i ca l  reagent 
pyridine i n  the  Karl Fischer bo t t le .  A two l i t e r  graduate i s  f i l l e d  t o  1250 nil. 
with mer's A.CA, reagent absolute methanol, 
t h e  methanol so lu t ion  under a hood u n t i l  t h e  volume has been increased by 80 nil. 
(115 grams). The methanol solution i s  added t o  t h e  pyridine solut ion and the 
mixture s h a m .  
i s  k?pt in an a l l  g lass  automatic f i l l i n g  b u r e t  protected by drying tubes 
containing d r i e r i t e  . 

Sulfur  dioxide i s  bubbled i n t o  

The reagent i s  allowed t o  stand 24 hours before use. The reagent 

Similar burets  f i l l e d  with anhydrous dioxane a d  pyridine are required. 
Anhydrous dioxane i s  obtained from The Carbide and Carbon Chemicals Corporation. 
No pur i f ica t ion  of the dioxane i s  required. 
used i n  making the  reagent. 

The pyridine i s  t h e  sami: a s  t ha t  
Neither reagent requires drying. 

The reagent is  standardized da i ly  by means of a standard solution 
prepared by dissolving a weighed amount o f  H$ in absolute methanol o r  dioxane. 
Twenty-five ml. of a so lu t ion  containing 4 grams' per l i t e r  of water o r  dioxane 
are used. 
o r  dioxane i s  determined by t i t r a t i o n .  
the  blank f o r  dioxane. 

A correction f o r  the  arnount;.of water present in the o r ig ina l  methanol 
Tyridine must be used in determining 

' 

Analysis of samples.--The procedure used f o r  t i t r a t i o n  o f  (CH3)2O:BF3 
with Karl Fischer reagent i s  iden t i ca l  w i t h  t h a t  used by Kirshenbaum.33 The 
weight of t h e  sample i s  obtained by measuring the  volume and assuming a density 
of 1.23, the  value reported by.S.k.M. f o r  25OC.3 
(CH3)20:BF from the  f rac t iona t ion  unit in which the water content i s  generally 
under 0 . 3 3  var ia t ions  in dens i ty  may be neglected. 
f l a sks  used as t i t r a t i o n  vesse ls  are dr ied  in an e l e c t r i c  oven over night a t  
150%. along wi th  the  weighing bo t t l e s  used f o r  taking samples. 
of dioxane a r e  added t o  t h e  f l a s k  from an automatic buret. Five ml. of the  
(CH3)2O:BF3 t o  be analysed are  added t o  the  f l a s k  with a d r y  pipet. 
i s  stoppered and the  m i x t u r e  i s  cooled in i c e  water. 
water, then acetone, and dr ied with a stream of a i r  for use with the  next 
sample. 
t h i s  purpos6. 
Karl Fischer reagent i s  added slowly u n t i l  a red color  l a s t i n g  f o r  30 seconds 
appears. 

For routine analyses of 

The 100 ml. volumetric 

Twenty f i v e  m l .  

The f l a s k  
The pipet i s  washed with 

The compressed a i r  in t h i s  laboratory i s  for tuna te ly  dry enough f o r  
Ten ml. of pyridine are  added slowly from an automatic buret. The 

A blank t i t r a t i o n  of a mixture of 25 nl, of dioxane and 10 ml. of 
pyi-idine is  made each day. This blank i s  subtracted from t h e  observzd t i t e r .  

The r e su l t  i s  calculated a s  per cent H20. 
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Dsy' 1st Column 
Top ' Reboiler 

3 3  
TABLE XI11 

Karl Fischer Analyses 
.--I - 

Representative Data 

Typical Week 
OctoberJ945 

1 O.ll% 
2 0 :07 
3 0.08 
4 0.05 
5 0.06 
6 0.08 

hverage 0.08 
f.02 

Typical' Week 
July, 1945 
Average 0.u 

k. 01 

Typical Week 
March, 1945 

Average . 0.23 
t.02 

Typical Week 
January,l945 

Average 0 027 
f.10 

0.03 
0.02 
0 002 
0 bo2 
0.03 
0.03 
0.03 
t eo1 

0.05 
L O 3  

0.04 
t.01 

0.16 
2.05 

2nd 3rd 4th 5 th  6th 7 t h  8th 

Reb. Reb. .Reb. Reb. Reb. Reb. Reb. 
Col. Col. Col, Col. Col. Col. Col. 

0.04 . 0.08 0.01 0.06 0.02 0.04 0.07 
0.04 0.03 0.02 0.02 0.02 0.01 0.04 
0.02 0.03 0.02 0.02 0.04 0.02 0.04 

0.02 0.05 0.02 0.02 0.02 0.02 0.04 
0.02 0.07 0.03 0.02 0.03 0.02 0.04 

0.01 0.02 0.02 0.02 0.01 0.02 0.02 

0.03 0.05 oi02 0.03 0.02 0.02 0.04 
f.01 f.02 f.00 f.01 f.01 f.01 3.01 

0.03 0.03 0.04 0.03 0.05 0.09 0.09 
t.01 2.01 f.02 f.02 f.03 f.03 f.02 

0.05 0.04 1.05 2-10 
f.01 t.01 -.02 -.02 

0.20 0.16 0.21 0.15 
k.06 f.06 t.13 2.94 

- <.- 
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dark i n  color t ha t  t h e  
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of impure .(CH3)$:BF3 have been obtained which were so 
t i t r a t i o n  w a s  imuossible with 5 ml. in 25 m l .  of dioxane. 

This w a s  remedied by using 2 ml. of (CH;)2O:BF3 instead of 5 ml., o r  by using 
l a rge r  volumes of dioxane in a la rger  t i t r a t i o n  f lask.  

C. Evaluation of Procedure 

Accuracy.-Kirshenbaum reported33 an  absolute accuracy of 0.02% f o r  
Applicabili ty i n  the  presence of HF was a l so  

Most of t h e  analyses in t h i s  laboratory are done with sainples from 0.02% 
amounts of water from 0.0 t o  2.0%. 
shown. 
t o  0.2% water. 
s t rength of the reagent is about 3 mg. H20 per ml. reagent. 
f o r  a blank of 7.0 ml. vary from 7.4 nil. t o  ll ml. 
0.02 absolute % o r  0.4 m l .  of reagent i s  e a s i l y  obtainable f o r  these samples i f  
the  blank measurements are. carefu l ly  made. 

The blank fo r  t h e  dioxane and pyridine i s  about 7 m l .  The 
The t i ters  therefore  

The desired accuracy of 

The major source of e r ro r s  is  in the  sampling technique, removing the 
sample from the  f rac t iona t ion  unit  and ' t ransferr ing the sample with a pipet.  
In  Table XI11 are shown values f o r  routine analyses over one week periods. It 
i s  evident t h a t  amount of water present has been gradually decreasing over t he  
period from January t o  October, 1945. 
period of one week a r e  due to sampling e r r o r  and t o  what extent to  ac tua l  
var ia t ions  i n  t h e  water content of the (CH3)2O:BF3 i s  d i f f i c u l t  t o  say. 

analysed. 
2% r e l a t i v e  error .  
t o  a dry volumetric f l a s k  and weighed, 2nd the  dioxane added after weighing. 

T i t r a t ion  of B-OH groups.-EIryant, Liitcheil and Smith5 s h o d  t h a t  

To what extent th2 var ia t ions  over a 

The densi ty  generally l i e s  between 1.23 and 1.25 in the samples 
The e r r o r  due t o  assuming a constant densi ty  i s  therefore  less than 

When higher accuracy i s  required, t h e  sample may be-added 

' 

H3B03 is  quant i ta t ive ly  determined by the  Karl Fischer reagent due t o  react ion 
with t h e  methanol solvent  according t o  reaction (3) even without a BF3 
e s t e r i f i c a t i o n  ca ta lys t  . 

B(oHI3 t 3 m30H = B(Om3)3 4 3a$ (3  1 

2 A similar reac t ion  was found by Mitchell, Smi'th, Ashly, and Bryknt34 for %O 
and HBo2, B(OCH3)3 being t h e  f inal  product in both cases. 
any hydroxyl.group o r  any double bond oxygen atom attached t o  boron should be 
t i t r a t e d  quant i ta t ive ly  by the  Karl Fischer reagent. 

It would appear t at 

Taylor35 has reported t h a t  in the  compound Ni(BF30H)2*6H20 only 6 of 
t he  8 hydroxyl groups are t i trated.  
all OH groups attached t o  boron atoms are t i t r a t e d  w i t h  t h e  Karl Fischer reagent. 
Specif ical ly ,  he concludes t h a t  i n  t h e  compound HBF2(0H)2 only one hydroxyl 
group would be t i t r a t e d .  Experiments described with HBF,(OH)2 below showed 
tna t  both of t he  hydroxyl groups iri t h i s  compound are t i t r a t e d .  The conclusion 
has been drawn t h a t  in a l l  hydroxy subs t i tu ted  der iva t ives  of BF3 and HBF4, t h e  
Karl Fischer reagent w i l l  t i t r a t e  a l l  of t he  hydroxyl present. 
i s  offered f o r  t h e  s i t ua t ion  encountered by Taylor with t h e  n icke l  salt. 

He concludes f r o m t h i s  observation tha t  not 

No explanation 

..... . . .  .... . . . .  ... 
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Disappearance of OH ~roups,--It i s  known that  t h e  Mti 1 reaction of 8 7 9 -  

H20 with (CH3)20:BF3 forms (2H$):BF3 according t o  reaction (4).3 

(CH 3 2  ) 0:BF + 2H20 p (2H20):BF3 + (CH3)2O:BF3 (4) 

<%' Tt has been observed tha t  on heating the  amount of %aterff determined by Karl 
Fischer reagent decreases slowly until it reaches a constant value depending 
ol?y on the  amount of water o r ig ina l ly  present T h i s  react ion was studied i n  
d e , k i l  by K i r s h e n b a d 3  and l a t e r  by H i e b ~ r t . 3 ~  It appears t ha t  some of t h e  
water i s  converted in to  a form in which it i s  not t i t r a t e d .  

- _  - 

One explanation offered f o r  t h i s  disappearance of water on heating 
was t ha t  of Taylor35 who suggested t h e  reaction (5), believing t h a t  the product 
HBF2(OH)2 would show only one moleche of water i n  the Karl Fischer t i t r a t i o n .  

(2H2O):BF3 = OH3BF30H = HF + HBFz(OH)2 ( 5  1 
While the  react ion ( 5 )  i s  the  reaction shown by GcGrath, Stack, and McCusker38 
f o r  the thermal decomposition of @H2O)BF3 it i s  shovm below t h a t  both hydroxyl 
groups of HBF2(0H)2 @re t i t r a t e d  so tha t  t h i s  reaction cannot be the  explanation 

r f o r  the  decrease in hydroxyl content,  

The conclusion drawn is  t h a t  the hydroxyl groups which appear t o  have 
disappeared a r e  no longer present as hydroxyl groups. 
mechanism f o r  t he  removal of hydroxyl groups i s  the  reaction t o  form methoqyl 
groups according t o  equation ( 6 ) .  

The :nost obvious 

(2H20) :BF3 + (CH3)20 :BF3 = 2 CH30H :BF3 t H-$ ( 6 )  

This equation i s  in agreement with t h e  evidence obtained by Hiebert36 tha t  1 mol 
of (CH3)20 disappeared along with each mol of  H2O. 

f 1uobo.ric 
t i t r a t e d  

Preparation and analysis  of dih.ydr0x.y fluoboric acid.-Dikydroxy 
acid,  HBF2(0H)2 was prepared t o  show that bgth hydmxyl groups are 
One of the  methods suggested by Sowa, Kroeger, and Nieuwland39 

was used., 

H3B03 wcs t r ea t ed  with BF3 a t  room temperature. 
very slow t h e  temperature was elevated somewhat by the appl icat ion of heat.  
The amount of gas taken up was s t i l l  less than theoretical . ,  The product was 
d i s t i l l e d ,  When a so l id  suspension s t a r t e d  t o  appear in the  d i s t i l l a t e ,  the  
d i s t i l l a t i o n  w a s  cut, and the ' d i s t i l l a t e  r e d i s t i l l e d ,  this time taking about 
1/2 of t h e  f i r s t  d i s t i l l a t e  i n t o  the  second dis t i l la te .  
l i qu id  iden t i f i ed  as HBF2(0H) by boron ana f luor ine  analyses. Calculated, 

When the  rezction had become 

The product w a s  a 

12.79% B, Lt4.8;% F; found, 12. 2 3% B, 44.3% F. 
- 

The Karl Fischer hydroxyl determination was car r ied  out on t h i s  
mater ia l  t o  show t h a t  a l l  of t h e  hydroxyl present is  determined i n  the Karl 
Fischer  t i t r a t i o n :  
H20 , 

Calculated f o r  2 OH groups, 42.5% H20; found, 41.3, 43.2% 
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Use of the  method.-The K a r l  Fischer t i t r a t i o n  of hydroxyl has been 

shown t o  provide a quant i ta t ive  measure f o r  3-20, H3BO3, HB02, (2H20):BF3 and 
HBFP'OH)~. 
B-QH groups w i l l  be measured. 
th& thz  determination actually ,=de i s  the  t o t a l  oxygen present as water o r  
c.)nvertible t o  water by react ion with methanol. 
a rlydroxyl determination, although B=O compounds a r e  a l s o  t i t r a t e d .  
b? noted t h a t  C-OH gmups a r e  not hydroxyl groups in t h i s  sense but are 
dei.ermined' by the  methoxyl determination described below. 

It seem reasonable t o  assume t h a t  other  compounds with ESO o r  
The values a r e  reported as per  cent H20, rea l iz ing  

It i s  general ly  referred t o  a s  
It should 

A s  f a r  a s  i s  known the  only way in which hydroxy compounds can be 
fcrmed in t he  f rac t iona t ion  uni t  is  by reaction wit,h H20. Although part  of the  
H20 enter ing the  system i s  converted in to  a form which does not appear in t he  
Karl Fischer t i t r a t i o n ,  and par t  of it i s  converted i n t o  a v o l a t i l e  consti tuent 
(formula not es tabl ished)  which lpasses out the  top  of t h e  d i s t i l l a t i o n   column^ 
these determinations a re  of value i n  following the  leakage of water i n t o  the  
f rac t iona t ion  unit  . 

Karl Fischer. reapent i n  the  absence of methanol,-It was hoped tha t  a 
reagent made in dioxane instead of methanol could be used t o  dis t inguish H20 
from B-OH compounds 
Karl Fischer reagent w i t h  H$ i n  non-alcoholic solvents .  They reported t h a t  
t i t r a t i o n s  were possible although the  react ion involved was somewhat d i f fe ren t .  

Smith, Bryant, and ' l b i t ~ h e 1 1 3 ~  studied the  react ion of 

A solut ion of Karl Fischer reagent made up in the usual way using 
for a solvent instead of methanol was prepared and standardized'with dioxane 

a solution/ of water in dioxane. 
dioxane solutions containing BF with t h i s  reagent. A n  end point developed 
immediately in t h e  presence of h3 even though pyridine w a s  added. It would 
appear t h a t  t he  pyridine does not  t i e  up the  BF3 s u f f i c i e n t l y  under these 
circumstances . 

It was not found possible, however, t o  t i t r a t e  

The f u r t h e r  investigation of this problem using other  non-alcoholic 
solvents,  and using o ther  reagents t o  remove the  BF3 would be well worth 
invest  igatir-g. 
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_I V I 1  * CONDUCTIVITY MEksuREbdENTS 

A. Introduction 

Sab16 suggested the use of conductivity measurements t o  determine the 
i l ; O  present in (CH3)2O:BF3. 
F &:tically non-conducting, results in an increased conductivity which i s  a 
. ln (>t ion  of  the amount of H20 added, 
p r t i c u l a r l y  valuable s ince it  was bel ieved tha t  conductivity measurements could 
bc made without removing samples from the f rac t iona t ion  unit. 
were therefore  i n s t a l l e d  in each co lum of the f rac t iona t ion  unit  and connected 
t o  a micromax recorder so tha t  a continuous record could be obtained. However, 
Lhe i n s t a l l a t i o n  has not been e n t i r e l y  sa t i s fac tory ,  due t o  a number of 
d i f f i c u l t i e s  , l4  and samples have therefore  been withdrawn regular ly  f o r  laboratory 
measurement of conductivity. 

Conductivities of solut ions of (CH 20 :BF3 containing various impurit ies 
have been studied in some d e t a i l  by S.A.E.7,34 Other substances besides H20 
were found t o  contr ibute  t o  the  conductivity of (CH3)9:BF3, 
howevdr, t h a t  conductivity measurements could be used t o  de tec t  sudden increases 
i n  tiie water content of ( c H ~ ) ~ o : B F ~ .  

The addition of H20 t o  pure (CH 3 2  ) 0:BF3, which i s  

This method seemed at  f i r s t  t o  be * 

I 

Conductivity c e l l s  

It was  hoped, 

Conductivity data obtained from the f rac t iona t ion  uni t  during t h e  past 
' y e a r  have benn studied in de ta i l .  The observation was made t h a t  mater ia l  

causing high conductivity co l l ec t s  in t h e  bottom of the  column and tha t  the 
Karl Fischzr t i t r a t a b l e  material  tends t o  separate i n t o  two parts, one mre 
v o l a t i l e  and one l e s s  v o l a t i l e  than (CH3)2O:BF3. 
studied i n  more d e t a i l  by Hiebertw who obtained concrete evidcnce .- for  these 
conclus ions independently; 

Systems 'containing H20 were 
' 

I n  the  operation of columns in cross flow an equilibrium s t a t e  i s  
a t ta ined  i n  which the conductivit ies gradually increase throughout the system 
as the  bottom column is  approached. The conductivity of the mater ia l  i n  the 
bottom r e b o i l e r  is quite high as compared u . i t h  t h e  very small amount of  K a r l  
F i s c h r  hydroxyl found. 

.It has not been found possible t o  s a t i s f a c t o r i l y  account f o r  these 
observations, nor  i s  it even possible t o  s ta te  what substance is  being measured 
by conductivity, 

The apparatus used f o r  laboratory measurements of conductivity i s  
described below. The automatic recording apparatus i s  describzd elsewhere .u 

A summary of the  information obtained concerning conductivity 
measurements with (CH3)2O:BF3 from t h e  experiments a t  S.A.M. and from t h e  
operation of the f rac t iona t ion  unit i n  t h i s  laboratory i s  presented. 
i s  given t o  a l l  o f t h e  hypotheses which have been proposed t o  explain the  
meaning of t h e  observed conductivit ies.  
hydrogen ions i s  not acceptable because the corresponding anions cannot be 
detGcted; 

Consideration 

The obvious explanation i n  terms of 

, d' 
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The usefulness of conductivity measurcments f o r  detect ing leaks i s  
discussed. The conclusion i s  reeched t h s t  the conductivity measurement i s  
probcbly the least valuable of the  analyses which have been used t o  de tec t  leaks. 

B; Laboratory Measurements of Cond.r;.ctiviQ --_.-- 

Im Ostwald pyrex conducti3-ity c a l l  obtained from E. H. Sargent has been 
found the  most s a t i s f a c t o r y  of the several. c e l l s  t r i e d  for  rout ine measurements. 
The c e l l  has a c e l l  constant of ab3,ut- :I, 
t o  the standard procedure. 
found t h a t  t he  25 x 50 m. weighing bgt t les  used f o r  taking samples could be 
f i l l e d  t o  a f ixed l e v e l  and used 2s c.oxjuctivity c e l l s  by in se r t ing  t h e  electrodes 
a f  the Ostrvald c e l l .  Measure-. 
rnants are made with t h e  Indust rid. 1zs t  ~ m e n t s  ‘ Conductivity Bridge, modal RC-1B. 
h external  condenser i s  avai lable  f o r  lise when necassary t o  obtain a sharp 
balance. 
may need t o  be repeated. 
were made by Hiebert in connection w i t h  h i s  s tud ies  of conduct iv i ty .a  

The electrodes were plat inized according 
Instead c.f us ing  t h e  c e l l  i n  i t s  o r ig ina l  form it was 

Calibration vias rads w2.t.h 0.01 N. K C 1  solut ion,  

The ca l ibra t ion  must be chackad from time t o  tims, and t h e  p la t in iza t ion  
The p la t in iza t ion  and ca l ibra t ion  of the c a l l  used 

The temperatures a r e  measured by inser t ing  a dry thermometer i n t o  the  
solut ion immediately a f t e r  measuring thz resis tancz.  
t o  25OC. by using c e l l  constants calculated for each temperature. 
constants were calculated using a temperature coef l ic ient  f o r  t h e  resis tance of 

The res i s tance  i s  corrected 
These c e l l  

0.OU ohms/degree, calculated from thi: da t a  obtained a t  t he  S.A.M. Laboratories. 41 

The- data i?re reported as  spec i f ic  res is tance a t  25OC. The spec i f i c  
conductance has been found more su i t ab ie  f o r  the purpose of.day by day plot t ing.  

C. Study of t h e  Significance of Conductivity Measurements 

- -  

Summary of  da t a  obtained by S . A . N .  Labo~tcrias.--Kirshenbzurn7,33 
studied the e f f ec t  of a number of corn-muds on the  conductivity of (CH3)20:BF3. 
H3BO3, HF, and CHjOH in (CH )20:BF3 gave molar conductivit ies lower than but 
comparable with those  o f  H2 3 in t h i s  medium.. The metal salts which w e r e  s tud ied  
by Kirshenbaum were only s l i g h t l y  soluble  i n  (CH3)2O:BF3 and did not  a f f e c t  
the  conductivity s ign i f icant ly .  

Effect  of heatink.-Kirshenbaum also studied the e f f ec t  on the  
conductivity of (CH :BF containing H20 of heating i n  a closed system. Jus t  
as  t h e  amount of Ka?!$isc&r t i t r a t a b l e  H20 decreases t o  a constznt value on 
heating, t h e  conductivity of t h e  (CH3)$:BF3 increases t o  a constant value. 
1n.Figure 3 the  conductivit ies taken from Report M-405 (Figure 4)7 and 
R e p o r t  M-ll84 (Figure 7)33 are  plotted.  
observed on adding weighed a q u n t s  of H20 t o  unheated (CH3)2O:BF3. 
represents t h e  conductivity observed on adding H20 t o  previously heated 
(CH3)2O:BF3. 
decreases t o  a constant value shown by curve 111, t h e  H20 concentration p lo t ted  
being t h e  amount of H20 which had been added. 
H20 as sham by the  Karl Fischer analysis has decreased. 
the  conductivity and the amount of H20 s t i l l  deteraninable by Karl Fischer 
analysis  is shown i n  curve IV. 

Curve I represents t h e  conductivity 
Curve I1 

On heating t h e  (CH3)fl:BF3 for 15 hours at lOOOC. the  conductivity 

A t  the  same time t h e  amount of 
The r e l a t ion  between 

This i s  the curve which should be used t o  estimate 
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H20 concentrations from conductivity measurenents. Curve 111 may also be used 
t o  e s t i m t e  from conductivity measurements the t o t a l  mount of H20 added including 
t h a t  present a s  H20 and t h a t  which has k e n  converted i n t o  some o ther  form but 
which i s  8 t i l l  present in t h e  (CH3)2O:BF3 as an impurity of some.sort. The 
values in curves I, 11, and .IV were takeh d i -ec t ly  from Kirshenbaum's data. 
Curve I11 was calculated u s b g  Kirshenbsurixs values f o r  t h e  r e l a t ion  between t h e  
amount of  H20 added and the Karl Fischer analysis  a t  equilibrium as shown in 
Zeport U-UO5 (Figure 3).7 

Comparative e f f e c t s  of H20, E2303 and CH30H on conductivity.-The 
data  repofted by Klrshenbam Tor the coihuct ivl ty  of  H2U,.H3HO 
Report M-405 (Figure 9)7 and of HF i n  &sport Id-1184 (Figure 9333 i n  solut ions 
of unheated (CH )2O:BF3 are shown in Figure 4 with t h e  concentrations expressed 

i n  which so lu t ions  of HF, CH3OH, and H38O3 i n  (CH3)2O:BF3 were heated t o  constant 
conductivity.  

and m3OH i n  

i n  mols solute/  1 000 g. solvent. Unfortunately no measurements have been mde 

The conductivit ies of HF, CH30H, H3W3, and H20 i n  (CI-!3),O:BF3 appear 
t o  be due t o  d issoc ia t ion  t o  form solvated hydrogen ions m d  the corresponding 
anions. 
hydrogen ions produced by one m o l  of these d i f fe ren t  ac ids  is  not constant. 
Kirshenbaum studied the  conduct ivi t ies  of mixtures 6f H BO3 and H20 in 

t o  account f o r  t h e  observed effects.? 

The da ta  i n  Figure 4 ind ica te  t h a t  i f  t h i s  i s  the case the  number of 

(CH3)2O:BF3 and suggested a mechanism f o r  a react ion be z ween these two molecules 

a l so  
s tudied 

B(OC!3)3:2BF3, 
BF3, t he re  a re  some reasons f o r  preferr ing t h e  empirical  formula (BFzOCH )3. 

of dry (CH3)2O:BF3 but t ha t  it decreased t h e  conductivity of (CH3)2O:EF3 
containing H20 considerably.7 
not quant i ta t ively,  by t h e  react ion (8) . 

Admitting t h a t  the  compound shows the react ions of B(OCH3)3 and 

Kirshenbaum found tha t  (BF2OCH3)3 caused only a s l i g h t  change in t h e  con a uc t iv i ty  

This observation was explained qual i ta t ively,  if 

( B F ~ o C H ~ ) ~  t 3H20 = B ( O H ) ~  t ~ C I ~ ~ O H  + 2 ~ ~ 3  (8) 
I 

These experiments es tab l i sh  the f a c t  t h a t  i n  the presence of (BF2OCH3)3 
r e l a t i v e l y  s m a l l  increases in conductivity can be caused by the addi t ion of . 
H S  because of t h e  hydrolysis react ion (8). 

Data obtained *by a n d y s i s  of svnplas from f rac t iona t ion  uni t ,  s ingle  

In  thz ea r ly  operations in 
column operation.--Conductivity da t a  obtained from the fract ionat ion unit during 
t h e  past  year have been studied f r o m  t h e  t o  tins. 
which singla columns were being t e s t e d  f o r  f r ac t iona t ion  of (CH )2O:BF3, it 

higher a t  the  t o p  of t h e  column khan a t  t he  bottom. It was fu r the r  observed 
t h a t  thg Karl Fischer t i t e r  at t h e  top  of t he  column could be g rea t ly  reduced 
by withdrawing material from t h e  top, ahd t h a t  t h e  Karl Fischer t i t e r  a t  t he  
bottom w 3 s  reduced s l i g h t l y  a t  t h e  same tine. 

was observed t h a t  t h e  amount of H20 determined by Karl Fischer . z  i t r a t i o n  was 
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Date 

1-1 4400 
1-2 4.800 
1-3 4600 

' 1-4 5000 
1-5 6400 
1-6 5200 
1-7 7500 

3T .- - 

Date 2T 
1-8 5200 
1-9 4700 
1-10 4700 
1-11 LJOO 

. 1-12 3000 
1-13 2500 
1-14. 3100 

Date 
1 T  

9-19 5200 
9-12 4900 
9-14 5400 
9-17 5200 
9-19 5300 
9-21 5300 

2B 
1370 
1460 
uoo 
1490 
1300 
1490 
580 

2R 
5 50 
500 
490 
530 
480 
430 
460 

TABU XV 

Representztive Specific Resistances 
January, 1945 

3T 
4100 
6300 
7600 
3400 
4700 
5 f500 
5800 

Co lum . Sampled 
3 B  4T 45 
510 k600 . 640 
470 5400 360 
710 6400 690 
610 5ldIO 640 
980 4900 650 
1300 6300 670 
850 4000 650 

3T 3R 
940 370 

5500 370 
6000 330 

370 
340 
310 
320 

4T 42 
5400 320 
6700 350 
6100 300 

320 
309 
300 
300 

5T 
1000 
1720 
1740 
1330 
1800 
4900 
2500 

53 
490 
540 
360 
570 
530 
530 
500 

5T 5R 
4.200 270 
4500 310 
3900 290 

280 
270 
300 
290 

T. = Top'oE columt? 
3' = Bottom of colwnn 
R = Reboiler (pun!? discharge) 

TABLE XVI 

Represectative Specific Resistances 
Sept e,iuber, 1945 

Column Sampled 
1F, 2R 3R 4% 5R 6i1 ?fi 9R 
800 740 293 290 210 180 20C Ut0 
810 780 380 260 220 200 200 120 
920 760 430 34C 280 190 270 150 
890 750 420 310 240 180 270 150 
840 720 390 36G 290 190 280 130 
920 740 420 320 220 210 300 150 - 

6B 
ut0 
210 
240 
230 
490 
430 
5 60 

62 
200 
170 
180 
160 
200 
170 
150 
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A considerable amo'unt o f  data  on the H20 analyses in single column 
operation w a s  collected by Schu tzu  for the period November2 - November 15, 1944. 
Another exanple of s ing le  colunn-opera$ion studizd was the  t e s t ing  operation with 
colurm 1 during March, 1945. 
Analyses in t h i s  case were made on the sa@e taken from the pump discharge 
where i n  the cases described by Schutz, only column bottom samples were analysed. 
There i s  considerable doubt whether t h e  column bottom sample i s  a va l id  t e s t  
f o r  the amount,of H20 present in t h e  reboi le r . .  

Water analyses f o r  t h i s  t e s t  are shown in Table XIV. 

TABLE X I V  

Water Arcilyses 
' Tests  of Colurm 1 

To t a l  
Karl Fischer Analyses Specif ic  Resistance Withdrawn 

Date Time Top Reboiler Top Reboiler Overhead 

3-3-45 3 PM 1.25% --- 1180 ohns - 3/4 gal. 
3-4-45 8 Ab1 1.25 0 19% 1500 380 ohms 5 gal. 
3-5-45 8 i&l 0.87 0.10 1800 390 6 1/2 gal.  
3-645 8 hM 0.23 0.06 3800 380 ll 1/4 gal. 

The observations on s ingle  column operation suggested t h a t  H20 i n  
(CH3)zO:BF 

Karl Fischzr t i t r a t a b l e  hydroxyl groups and w i t h  a low conductivity. 
product, a l e s s  v o l a t i l e  consti tuent than  (CH3)20:BF3, has  a high conductivity 
and a low Karl Fischer t i t e r .  

i s  separated i n t o  two pa r t s  on long continued d i s t i l l a t i o n .  One of 

The other  
t he  produc 2 s appears t o  be a compound less v o l a t i l e  than (CH3)2O:BF3, w i t h  

Cross-flow operation.--The data obtained i n  the  operation of a number 
of colui is .  i n  cross  flow pmvided a d d i t i o m l  information concerning' t he  use of 
conduct iv i ty  measurements: F i r s t  it was found t h a t  t h e  K a r l  F i s c h s r  t i t r a t i o n s  
showsd small amounts of H20 present throughout t h e  system, t h e  amount being about 
t h e  sams f o r  each c o l m  when no ser ious leeks were present, except f o r  t h e  t o p  
and bottom ends of '  the  system, The (W3)2O:BF3 continuously'withdrawn f r o m  the 
t o p  and t h e  bottom under steady s ta te  conditions showed l a rge r  a u n t s  of water, 
p a r t i c u l a r l y . i n  tho t o p . .  Sone average values a re  shown in Table X I I I .  
conductivity on the o ther  hand was found t o  increase from the  top  o f - a  column 
t o  t h e  bottom and from t he  c o l m  containing the  mre v o l a t i l e  material t o  the 
column containing the  l e s s  v o l a t i l e  material .  
Tables XV and XVI. 

The 

Typical data a r e  shown in 

Operation of t h e  pmduct still.-The de ta  obtained in the operation 
roduct s t i l l  used f o r  r e d i s t i l l i n g  t h e  product withdrawn from the 

bottom Of the15 show f u r t h e r  t h a t  t h e  H20 present i n  t h e  bottoms draw-off material  i s  
r e l a t i v e l y  non-volatile . 
matzrial  both appear t o  remain i n  the  residue on r e d i s t i l l a t i o n .  

The Karl r 'ischer analysable H20 and t h e  conductivity 

...................... . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . .  
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,~ - .  \ Anions Estimated from S.k.L;. Conductivity Values (Figure 4) 

Mat 3 rial 

Column 9 
( l a s t  column) 

E-112 
E-190 
E-218 
Column 7 
D-346 
D-785 
D-189 
Column 6 
D-958 
D-986 
E-7 

Redist i u e d  Proiluc t 
Lot 40 
Lot 41 
Lot 66 
Lot 68 

spsc. 
Eies 

150 
200 
250 

380 
410 
370 

220 
200 
2 50 

280 
280 
430 
640 

% OH 
Calc. Calc. 
I IV -- 

1.5 0.8 

0 08 0.32 
1 .o 0.43 

0.43 0.18 
0.39 0.16 
0.45 0.18 

0.89 0.37 
1 .o 0.43 
0.76 Om31 

0.65 0.28 
0.65 0.28 
0;37 0.15. 
0.20 0.06 

I 

Obs 

0.07 
0.07 
0 -04 

0.U 
0.03 
0 002 

0.07 
0.03 
0 -04 

0.11 
0.16 
0.03 
0 -05 

% om3 % F  
Obs. Calc. Obs. Calc . - 

?5 

)5 

?5 0 

?5 
5 .  
2.5 

3.  (0.1 
0.10 

1.2 (0.1 

.0.6 40.1 
0.5 (0.1 

0 007 

1.0 0.1 
1.0 <o m 1  

0.6 L O  01 
0.3 40.1 
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Data obtained in laboratory colupn;-A m r e  de ta i led  study of the 
d i s t i l l a t i o n  of the  (CH3)20:BF3--H$ systeh was m d e  by HiebertbO i n  a glass  
laboratory coluriul. 
which were suggested by t h e  analysis  of plant  data,  t h a t  water separates i n t o  
t w o  parts, one more v o l a t i l e  containing hydroxyl with a low conductivity, and 
one less v o l a t i l e  having a high conductivity and a  lo^ Karl Fischer t i t e r .  

He arr ived independently at e s sen t i -d ly  t h e  sake conclusions 

D. Evaluation of  Procedure 

!d,tempts t o  explain the  observed conductivities.-The mater ia l  causing 
the  conductivity i s  apparently present i n  equilibrium concentrations a t  each 
point,  and i s  k i n g  drawn off from the  last  column a t  a r a t e  equal t o  t h e  net 
rate a t  which it is  being formed. 
i ron  s a l t s  appear t o  s e t t l e  very quickly t o  t h e  bottom of t h e  system, and t h a t  
H20 formed by leaks  i s  rapidly t ransferred t o  the  top of the  system, it is  
d i f f i c u l t  t o  understand why the  conductivity mater ia l  i s  d is t r ibu ted  throughout 
t he  uni t  i n  the  observed manner. It seem unlikely tha t  t h e  compound causing 
conductivity has a separation f a c t o r  f o r  d i s t i l l a t i o n  with (GI3) 20 :BF 

explanation must be the  existence of a chemical e q u i l i b r i m  involving the  ions 
which cause conductivity. 

Since it has baen observed tha t  the  non-volatile 

which 
i s  comparable with the  i so topic  separation f ac to r .  It would appear t 2 at the  

The observations described s o  far are a l l  consis tent  with t h e  theory 

when it breaks down. 
advanced above t h a t  a non-volatile mater ia l  causing conductivity and a v o l a t i l e  
hydroxy f luor ide  a re  formed from the (2H20):BF 

nature of t h e  reaction is  not known. However, any reaction which can be wr i t ten  
t o  form hydroxy f luorides  from (2H2G):BF3 would involve the formation of  a 
compound which would be expected t o  have 2. dissociable hydrogen ion. 

Unfortuhztely 
ne i the r  of the  pmducts formed has been de f in i  z e l 7  ident i f izd ,  and the exact 

Assuming tha t ,  a s  indicated,  a ccnsiderable concentration of hydrogen 
ion must be present in the lower reboi lz rs  03 the  f rac t iona t ion  uni t ,  a search 
was made f o r  corresponding anions. The ana ly t i ca l  d a t a  showing t h e  absence of 
t he  required amounts of f luoride,  nethoxyl, and hydroxyl ions, a r e  shown i n  
Table X V I I .  

The curves in Figure 4 w e r e  used t o  calculate  t he  amount of f luoride,  
methoxyl, o r  hydroxyl from the  spec i f ic  resistance,, assuming i n  each case tha t  
a l l  of t he  conductivity i s  caused by a s ingle  acid. 
calculated f r o m  both curve I and curve I V .  

The hydroxyl values a r e  

From t h e  data  shovm, it can only be sa id  t h a t  i f  the  conductivity is  a 
The measure of hydrogen ions, the  corresponding anions have not been ident i f izd .  

poss ib i l i t y  must be‘ considered tha t  hydrogen ions are  not present in the  con- 
centrat ions indicated by t h e  conductivity measurements. ’ 

Consideration.must be given t o  o ther  possible cat ions which might be 
Organic cations with the  charge residing on the carbon atom might be 

Recent work43 has shown t h a t  t he  conductivity of transformer o i l s  
present. 
postulated. 
i s  due t o  such ions and not t o  hydrogen ions a s  expected. iLn slectrometr ic  
study of t he  system could be used t o  measure more d i r e c t l y  the  hydrogcn ion 
concentrations a s  was done w i t h  t h e  trulsforrner o i l s .  A l l  indicat ions a r e  t h a t  
t h e  e f f ec t  of metal l ic  ions on the conductivity i s  small. The meta l l ic  ions a r e  

...................... . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . .  
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Date 

5-14-45 
5-7-45 

4-10-45 
b-3-45 

3-8-45 
311-45 

2-9-45 
2-2-45 

. .  

K o F e  

h a 1  - 
1.8 
0.19 

0.57 
0.16 

0 009 
0 009 

0.06 
0.15 

Specif ic  
Resistance 

135 ohms 
160 

130 
175 

13 5 
3-25 

210 
215 

Detect i6n o f  Leaks 

d 
P Fe 

0.57 
0.38 

0.39 
0.39 

1.6 
0.8 

.0.62 
0.26 

Explanat ion 

Air leak detected and repaired 

High K.F. analysis-location of l e a k  
not known. 

A i r  leak--corrosion i n  re f lux  loop-- 
C G l m  shut dom 

Leak i n  overhead line-column shut 
down 

I 

. .  
e-- 

*. * 
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almost en t i r e ly  concentrated i n  the  bottom rebo i l e r  while the  conductivity i s  
distr%buted thraughout t h e  system. 
salts which have been studied i n  (CH3)2O:BF3 have been s d l . 7  

It would appear t h a t  there a r e  present compounds of an unidenti-fied 
nature which e i t h e r  cause conductivity i n  themelves o r  markedly increase the 
conductivity of t h e  knovm compounds containing dissociable  hydrogen ions. If 
these conpounds do not r e s u l t  frm react ions I..iich H20 they may b; caused by t h e  
thermal decoqos i t i on  of (CH3)2O:BF3 which has been shown t o  cause a dark color 
i n  t h e  less v o l a t i l e  f ract ion,  o r  they my possibly r e s u l t  from react ions 
involving impuri t ies  present in t h e  BF3 and (CH3)2O used. It i s  known t h a t  
carbon compounds co l lec t  in the  l e s s  v o l a t i l e  f rac t ion .  

Further, thg conduct ivi t ies  of a l l  metal 

Use of conductivity f o r  de tec t ing  leaks .-Although the  iden t i f i ca t ion  
of the mater ia l  caushg  the  conductivity has  not been accoEplished, the con- 
duc t iv i t i b s  a r e ' i n  any case a measurement of  undesirable impurit ies.  
d u c t i v i t i e s  which nay be permitted i n  operation of %ha f rac t iona t ion  unit a re  
hiuch higher than  WSS or ig ina l ly  expected, but exceptionally high conductivit ies 
are s t i l l  considered p o t e n t i a l l y d a g e r o u s  u n t i l  it h r s  been demonstrated t o  t h e  
contrary. A s  far  a s  i s  known, t h e  dmger  from high conduct ivi t ies  would be i n  a 
high corrosion r a t e ,  which i s  much b e t t e r  nsasured d i r e c t l y  by t h e  concentration 
of dissolved iron. 

The con- 

The object  of  the  automatic recording conductivity ce l l s  was t o  detect  
t h e  sudden appearance of water in case of a serious leak,  pa r t i cu la r ly  a steam 
o r  condenser leak. There i s  no question t h a t  conductivity measurements would 
provide an indicat ion of such a s t a t e  of affairs, although it  m a y  be t h a t  in a 
la rge  H20 leak, t h e  temperature, pressure, o r  flow instruiients would show the  
e f f ec t  even more rapidly. For a i r  leaks,  the conductivity measurements a re  o f  
l imited value. In  t h e  course of  plant operations car r ied  out s ince December 30, 
1944, it has been necessary twice t o  shut, down a c o l m  bzcause of ser ious leaks  
in the  overhead line. On two other  occasions high Karl Fischer t i t e r s  i n  the  
bottom rebo i l e rwere  observed, pxsumzbly due t o  leakage. 
masures taken t o  s t o p  leakage were successful,  although in one case t h e  locat ion 
of  t h e  lzak was not found. The ana ly t i ca l  data  f o r  these colums a t  the time o f  
t he  leak and the  analyses reported 7 days previous a r e  shown in Table X V I I I .  
The Karl Fischer ana lys i s  and t h e  i ron  analysis  appear t o  be b e t t e r  indicat ions of 
a leak than conductivity measuremants. 
conczrn thc  last colunn i n  the  serizs. Leaks i n  o ther  columns a r e  not so  readi ly  
detected by any c h e k c a l  analyses, but t he re  has been no evidence t o  show tha t  a 
leak not dztected by Karl Fischzr  analyses would ba detectsd by conductivity 
neasuroments. 

In  both cases, 

All of t h e  cases presented i n  the  table 

' *  * In t h e  operation of a s inglo co1ur111-1, when the conductivity of the  
bottom' i s  not very high, conduct ivi ty  measuremnts o f f e r  more 

Karl Fischer analyses and conductivity measuraants  vrzre useful i n  detecting a 
leak which necessi ta ted shut t ing  down 8 column. 

o s s i b i l i t y  fo r  
detect ing t h e  appaarance of water. Data tzbulated by Schutz A s owed tha t  both 
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V I I I .  DET"RUNkTI0N OF 3ETAI.S 

A. GenGral Introduction 

. .  

/ 

copper 
forms o 

Zzthods f o r  the rapid colorimetric dztenninations of iron, nickel  and 
in (CH3)2O:BF3 were developed by t h e  S .A.Z. Laboratories .3l Zodified 
f these mthods have been used in t h i s  laboratory. These colorimetric 

procedures were found pa r t i cu la r ly  valuable avhm a number of s ingle  colunns 
were being tes ted  separately and mstal  analyses were required regular ly  on each 
column. 
t h e  S.A.M. colorimetric method. A volunetr ic  ;nethod f o r  zinc was a l so  developed. 
Under routine operating conditions, the  ccrrosion takes  place primarily with 
iron, and only small amounts of the othkr  netal3 a re  dissolved. 
bottom column needs t o  be analysed f o r  metals. 
i ron  replacing the colorimetric determination i s  suggestzd as the  most re l i ab le  
t e s t  f o r  corrosion. 
sidered. 
only occasional analyses a r e  required. 

A volumetric nethod f o r  copper vias found t o  be more sa t i s f ac to ry  than 

Only the 
A volumetric determination of  the 

A gravimetric determination of n icke l  should a l s o  be con- 
The advantages of  t h e  colorimetric method ard g r e a t l y  reduced when 

In  the  procedures described by the S.A.M. L a b o r a t o r i e ~ ~ 3 ~  the 
* determinations of iron, nickel ,  and copper were all made'on al iquot  f r ac t ions  

of t he  same sample. The routine procedures now in use do not involve any 
separations and independent samples are used. If desired,  t he  procedures 
described below could be modified t o  use d i q u o t  f r ac t ions  of a s ing le  sample. 

' .. 

a 

In  t h e  procedures described below, t h e  samples a re  measurcd 

Weighed samples can be used i f  desired. 
volumetrically, assuming a dens i ty  of 1.23 as was done in the  Karl Fischzr 
analyses. 

B. Sampling f o r  Uetal Determinations 

The raw product from the  reboi la r  o f  the  bottom column, which i s  the 
only sample containing enough m e t a l  t o  require  analysis,  sometimes contains a 
p rec ip i t a t e  which i s  insoluble in (CH3)2O:BF3. 
followed i n  t h i s  case is  t o  t a k e  as near ly  as possible a representative svnple 
including t h e  suspended sol ids ,  shaking the  sample b o t t l e  beforc removing the  
sample with a pipet.  Any portior? of thb sample taken vhich i s  not soluble i n  
cold wEter i s  discarded. 
can be readi ly  obtained. 

The technique which has been 

In  t h i s  ivay sa t i s f ac to ry  analyses f o r  routine determination 

For s t r i c t l y  quant i ta t ive  a n h y s a s  a nor2 rigorous procedure i s  
required. Fortunately dur ing  the n o m 1  operation of t h e  f rac t iona t ion  uni t ,  
t he  product has a homogeneous appearance and i s  en t i r e ly  soluble i n  water. 
t h i s  case no problem i s  involved. 

In  

Sampling of solut ions containing suspended solids.-When there  i s  an 
excessive amount of corrosion taking plzce, a suspended so l id  will be present 
and fu r the r  precautions must be taken t o  secure a r e p e s e n t a t i v e  sample. The 
(CH3)20:BF3 could be f i l t e r e d  through a s in te red  g lass  f i l t e r  crucible  taking 
precautions t o  prevent t h e  access of water. 
could then be determined i n  t h e  f i l t r a t e .  

The mount of  ciissolved so l id s  
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On the  o ther  hand if it i s  desired t o  measure the t o t a l  rnetal content, 

The insoluble residue might be dissolved by heating 
a representative sample of the'suspension must be taken and an attempt made t o  
dissolve the  e n t i r e  sample. 
with s t rong acid o r  might require a carbonate fusion. 

i s  a white i m n  salt tvhicyl has a l imited s o l u b i l i t y  in (CH3)2O:BF3 but i s  readi ly  
soluble in water. 
i n  (CH3)20:BF3 and in water, containing only a t r a c e  of metal. 
d i f f i c u l t i e s  are therefore  not l i k e l y  t o  result from neglect of water insoluble  

s ,;e. - The prec ip i ta tes  found i n  (CH )20:BF3 are  general ly  of two kinds. One 

The second type i s  pr i rmri ly  carbonaceous material, insoluble - -  
I _  

- *  
Serious 

- .  prec ip i t2 tes  in routine analyses. 

C. Determination of Iron 

Two methods f o r  t h e  colorimetric detelmination of t races  of  i ron  a r e  
i n  standard use.U The potassium thiocyanate method was used by t h e  S.A.M. 
Laboratories .31 The orthophenanthroline method would perhaps have been more 
sa t i s f ac to ry  although t h i s  method has not been investigated f o r  analysis  of 
(CH3)20:BF . 
ammonia and redissolving as was done i n  the S,k.M. method, t h e  cal ibr2t ion i s  
car r ied  out with known amounts of  f luor ine  present. 

' 

Fluorine in t e r f e re s  with v o l m t r i c  and colorimetric determinations 
of i ron ,  1 nstead.  of separat ing t h e  . i ron  from f luorine by precipi ta t ing with 

f' 
Under mut ine  operating conditions, only a few i ron  determinations a r e  
The rapid colorimetric method is  therefore  not necessar i ly  t h e  mst required. 

su i t ab le  method. 
The Jones reductor method used at S . A . l b .  f o r  the  determination of t r a c e s  of  
iron45 in which 0.01 N. c e r i c  sulfate so lu t ion  w a s  employed is  near ly  as 
sens i t ive  as t h e  colorimetric method. This nethod has not been used f o r  analyses 
of-(CH3)a:BF3 but i t s  employment should improve t h e  usefullness of  t h e  i ron  
determination . 

A more accurate  volumetric method would probably be preferable.  

. Procedure f o r  color imetr ic  determination of iron.--The r a w  undis t i l l ed  
product f romthe  f rac t iona t ion  uni t  general ly  contains between 0.1% and 2.0% 
iron. 
water. 

This product may be analysed t&ng 0.05 ml. of (CH3)2O:BF3 in 100 ml. 

One ml. o f t h e  (CH >2O:BF3 t o  be analysed i s  dissolved i n  50 m l .  of 
water. 
t o  oxidize the  iron. The solut ion i s  f i l t e r e d  i f  not pe r f ec t ly  c l e a r  and t h e  
prec ip i ta te  washed with d i s t i l l e d  water; The f i l t r a t e  i s  caught in a 100 ml. 
volumetric f l a s k  and the  volume made up t o  100 ml.  Five ml. of  t h i s  solut ion 
a r e  t ransfer red  with a pipet t o  another 100 ml, volumetric f lask .  
3 Ex. potassiumthiocyanate and 5 ml. of 6 M. hydrochloric acid a re  added from 
burets.  The volume i s  made t o  100 ml. and the f l a s k  shaken. The transmittance 
i s  measured with a Cenco-SheardSanford 'tPhotolometertl, i ndus t r i a l  type B-2 
operated from a 6 v o l t  storage battery.  
t he  red so lu t ion  of f e r r i c  thiocyantate. 

Four m l .  of  s a t u r a t e  2 bromine water a re  added and+tha solut ion warmed 

Five m l .  of 

A blue f i l t e r  i s  used f o r  measuring 
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- - The concentrztion of the  i ron  i n  the  masured solut ion i s  determined 
f r o m i h e  c d i b r a t i o n  curve i n  Figure 5 ,  using curve I. 
t h e  o r ig ina l  (CH3)2O:BF3 i s  calculated taking i n t o  account t h e  d i lu t ion  o f  the 
solut ion mde  . 

The mount of i ron  i n  -@ 

$ i ron  = mg . Fe/100 ml. 100 
0.05 x 1,230 - .  

Procedure f o r  deterininstion of very s m a l l  amounts of iron.-For amounts 
a- of i ron  less than O.lg, a l a r g e r  sample must ba taken. Instead of making the 

f i l t r a t e  t o  a volume of 100 ml. and removing a f ive  m l .  sample f o r  fu r the r  
d i lu t ion  , the  potassium thiocyanate and. hydrochloric ac id  a r e  added d i r e c t l y  t o  
t h e  f i l t r a t e  before making t o  volume. The ca l ibra t ion  curve f o r  solutions 
containing 720 mg. BF /lo0 ml. must be used. 3 

- 

% i r o n =  mg , Fe/100 do 100 
1 x 1,230 

This modified procedure can be used f o r  concentrations down t o  0.001% i ron,  and 
i s  used f o r  analyses of r e d i s t i l l e d  product, 

:2 

. .  -.* = 

Calibrations f o r  colorimetric i ron  determinations. -The ca l ibra t ions  
i n  Figure 5 were made with standard so lu t ions  O f  ferrous su l f a t e  analysed 
gravimetr ical ly  by oxidation with bromine, prec ip i ta t ion  with ammonia, and 
weighing as the  0xide .4~  
of BF3 a re  shown along with a curve made in the absence of f luor ide .  
transmittances of solut ions containing'36 mg. BF3/100 m l .  of solut ion,  the con- 
centrat ion generally used i n  analysis ,  could not be distinguished fron trsns-  . 
mittances i n  tne  absence of f luor ide .  

Calibrations m d e  in the presence of a measured amount 
The 

Volumetric determination of iron.-In t h e  S.A.hl, i ron t i t r a t i o n  the 
standard Jones rzductor procedure was followed47 and the reduced i r o n  was 
t i t r a t e d  with 0.01 N. c e r i c  s u l f a t e  using ortho-phenanthroline ferrous indicator .  
Standardization i s  best  car r ied  out by comparing w i t h  r ec rys t a l l i zed  potassium 
dichromate thmugh *a standard ferrous stilfate solution. 
dichromate of  0.01 N. concentration could probably be used s imilar ly ,  with ortho- 
phenanthroline ferrous complex o r  diphenylamine indicator.  
separated by prec ip i ta t ing  t h e  i ron with ammonia and redissolving. 
be separated lfrom i ron  in the  ammonia prec ip i ta t ion  unless present in considerable 
quantity; In t h i s  case a preliminary separat ion of copper as su l f ide  i s  
required.3lr47 
ty,w colorimeter i s  qu i t e  l imited.  
method should be used o r  a colorimeter capable of higher precision should be 

Standard potassium 

Fluorine must be 
Cop?er w i l l  

The precision of the colorimztric method using the  i n d u s t r i a l  
For.any precise work, e i t h e r  t h e  volumetric 

employed 0 .  

, 

'D. Determination of Nickel 

The standard dh thy lg lyox ime  colorimetric met11od4~ f o r  t h e  analysis  of 
n icke l  w a s  used in t h e  S.A.M. procedure.31 
with ammonia a d  nickel  detsrmined in t h e  f i l t r a t e .  A modification of t he  S.,A.M. 
procedure was developed in t h i s  laboratory in which the i ron i s  kept in solut ion 
with tartrate.  

Iron was separated by prec ip i ta t ion  

Some d i f f i c u l t y  w a s  encounterzd with fading of t h e  red  color. 
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The procedure of  hkepe’ace and Craft49 has recent ly  been adopted and has been 
found more sa t i s fac tory .  
a lka l ine  meAium. 

In t h i s  procedure t a r t r a t e  i s  used i n  a strongly 

Although the in t ens i ty  of co lo r  i s  not as grea t  2s i n  methods using 
dk- J _ /  a l e s s  a lkal ine medium, t h i s  method has t h e  advantages t h a t  i ron interference i s  

eliminated without encountering any d i f f i c u l t i e s  due t o  fading. 
F _ .  The ca l ibra t ion  of t h e  colorimeter f o r  nickel  determinations w a s  made 

- with a standard solut ion of nickel  sulfate standardized by the  conventional 
gravimetric procedure47 i n  which the dimethylglyoxine compound i s  weighed. 
only occasional analyses a re  being made, t h e  routine determinations could be 
made by the  gravimetric method. 
i s  required. 

If 

This method must be used whenever high precision 

Colorimetric procedure f o r  nickel.-One nl. of the (CH3)2O:BF3 t o  be 
analysed i s  t ransfer red  with a pipet t o  a 100 ml. volumetric f lask.  About 15 m l .  
of  water are added. Five ml. of 20% t a r t a r i c  ac id  a r e  added, then 5 ml. of 
sa tura ted  bromine water, then 10 ml. of concentrated ammonia (sp.gr. 0.90), 
and f i n a l l y  5 ml. of 1% dimthylglyoxime in methanol, mixing t h e  solut ion a f t e r  
each addition. 
added. 
ttphotoloineterll mentioned above, w i t h  a blue f i l t e r .  

After  1 minute, 10 ml. of 6 N. sodium hydroxide solut ion are  
I_ * After 5 minutes tha transmittance i s  neasured using t h s  indus t r i a l  

;r I From the  cal ibrat ion cumz shown i n  Figure 6, the  concentration of 
nickel  i n  t h e  solution i s  determined and the  mount o f  nickel  i n  the (CH ) 0:BF3 
calculated.  3 2  

,- 

The procedure described i s  useful f o r  concentrations from 0.02% t o  0.2% nickel.  
The amount of nickel  i n  t h e  undis t i l l ed  product obtained from the  f rac t iona t ion  
uni t  generally l i e s  in t h i s  renge. For analyses outs ide of this range t he  con- 
centrat ion of (CH3I2O:BF3 in water must be  varied.  

I 

It was found t h a t  the  presence of BF in concentrations as l a rge  as 
I 1 ri. (CH3)2O:BF3 per 100 m l .  water a f f e c t s  on 3 y s l i g h t l y  t h e  observed trans- 

The results a r e  accurate  t o  w i  2’ hin 20% f o r  concentrations of 1 ml. 

mitiance of t h e  nickel-dirnethylglyoxine solut ions.  
out i n  the  presence of known amounts of BF but  t h i s  has not been considered 
necessary. 
(C€i3)20:BF3 per  100 ml. of water o r  less. 

procedure i s  used.&{ 
acid46 o r  by prec ip i ta t ing  the  iron. 

preferred.47 
determinztion i s  made on the  f i l t r a t e  from t h e  i ron precipi ta t ion.  

Calibration could be car r ied  
’ 

Gravimetric pmcedure f o r  nickel.-The standard dimethylglyoxime 
The interference of i ron  i s  avoided by &adding t a r t a r i c  

If zinc i s  present ’a  modified procedure i n  an ace ta te  nedium i s  . 
If a volumetric i ron determination i s  t o  be.made, t h e  nickel  

Copper does not i n t e r f e re  i n  moderzte 
. quant i t ies .  
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--. 

L 5 d-. sample of (@ )20:9F3 containing 0.01% nicke l  would give a 
p rzc ip i t a t e  of 2.5 mg. of nicke 1 so that  th; itiethod i s  e a s i l y  capable of 
appl icat ion t o  the  determination of t r a c r s  of nicks1 i n  ( CH3)20:BF3. 

Procedure,--ii. su i tab le  saqple of (iX3!20:BF3 containing not more than 
30 IK. of .nickel i s  dissolved i n  water. Iron, ~ present, i s  oxidized with - 
broriline, t he  excess bromine removed, and 7 gr&s cf t a r t a r i c  acid added t o  form 
a complex with t h e  iron. 
m m n i a c a l ,  and any p rec ip i t a t e  f i l t e r e d .  The solut ion i s  ac id i f i ed  w i t h  HC1, 
heated t o  80OC., 5 ml. of 1% dimthylglyoxime solut ion added f o r  each 10 mg. of 
n icke l  pres&, and excess ammonia added. The solut ion i s  digested f o r  1 hour, 
f i l t e r e d  through a s in te red  g l a s s  pyrex crucible,  and the p rec ip i t a t e  weighed 
a f t e r  drying f o r  one hour a t  l l O O C .  

The volume i s  made t o  200 d., the  solut ion made 

E. Determination of Copper 

I n  t h e  e a r l y  t e s t s  i n  which considerzble corrosion was observed, copper 

The i ron and n icke l  must both be removed 

Actually using -0.01 N. sodium 

analyses were a l s o  requirsd. 
suggdsted by the S.A.&!. Lab0ra tor ies .3~  
careful ly .  Small traces of i ron  h t e r f s r e  by causing a blue prec ip i ta te .  
iodir;l,tric method w a s  found t o  be preferable.  
t h iosu l f a t e  solution the s e n s i t i v i t y  of the iodimetric method i s  grea te r  than t h a t  
of the colorimetric method. iin addi t ional  advantage i s  tha t  interference due t o  
i ron  which i s  generally present in quant i t ies  considerably grea te r  than the  
copper i s  eliminated. 
avoided by the  use of potassium f luoride which forms a complex with f e r r i c  i ron.  
The procedure i s  similar t o  t h a t  described by Kolthoff and 3nde1146 except t h a t  
0 , O l  N. t h iosu l f a t e  is  used instead of 0.1 N. Undar routine operating conditions 
the  amount of copper dissoLved in (m3)2O:BF3 is  negl igible  compared t o  t h e  i ron,  
and i s  considerably smaller thari the anount of nickel  dissolved. Occasional 
analyses should be made t o  check t h e  copper conccntration of the raw product, 
however . 

A colorimetric pr0cedure4~ using ferrocyanide was 

An 

The interfcrence’o‘f i ron in the  iodi i ie t r ic  t i t r a t i o n  i s  

Procedure f o r  iodimetric copper detzrmination.-ii sample of 1 m l .  of 
(CH3)20:€3F 
50 cc. of a 20. The solut ion i s  t r ea t ed  with 4 cc. of bromine water and boiled 
vigorously f o r  f i v e  minutes. Two g r a m  of potassium f luor ide  are  dissolved i n  
t h e  solut ion.  
so lu t ion  added. One d. of f r e s h  1% starch so lu t ion  i s  added and the  solut ion 
t i t r a t e d  t o  t h e  disilppezrance of t he  blue starch-iodine color  with 0.01 N. 
standard sodium th iosu l f a t e  solut ion.  

t o  be analysed is  t ransferred t o  r? 10G ELL. Erlenmyer flask containing 

The so lu t ion  i s  then cooled cmd 20 CC. of 10% potassium iodide 

The method i s  sens’itive t o  0.01% Cu which w i l l  give a t i t e r  o f  0.10 ml, 
of th iosu l f a t e  solut ion.  
potassium dichromate solution.46 

The th iosu l f a t e  so lu t ion  m y  be standardized against  

For analyses of t h e  highest precision the  i ron  should be sepamted 
from the  copper. 
datermined i n  the  f i l t r a t e .  - The- prec ip i ta t ion  of copper with H2S as used in 
the  S.A.M.. procedure31 i s  be t te r .  The C S  i s  redissolved and t i t r a t e d  
iodornetrically. 
The addi t ion of 1 g. of potassium ac id  phthalate as a buffer might a l s o  improve 
t h e  iodometric t i t r a t i o n .  

The i ron  may be precipi ta ted with ammonia and the  copper 

The f i l t r a t e  may be used Tor i ron and nickel  determinations. 
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F. Determination of Zinc 
* a  r - -  - 

Somk research work was done using brass packing in the  columns instead 
of monel pzcking. In these experiments smll amounts of zinc were found t o  be 
dissolved i n  the (CH3)20:BF3. ,The t i t r a t i o n  with potassium f e r r0cyanide4~ was 
used f o r  the determination o f -z inc .  

found t h a t  thz t i t r a t i o n  wv8s not s a t i s f zc to ry  f o r  very small q m n t i t i z s  of  zinc. 
It was therefore  necessary t o  add an  excess of standard ainc solution t o  the 

Iron, nickel,  a d  c0ppe.r were removed by 
f*(-precipitation with s o d i m  hydroxide although n icke l  w i l l  not in te r fe re .  It was 

unknown so lu t ion  and determine the  amount of zinc in the  unknown so lu t ion  by 
difference . 

Procedure for  determination of zinc.--Five ml. of (CH )2O:BF3 are 
dissolved in water. The i ron a d  copper are removed by precipi  ? a t ion  with 
sodium hydroxide.47. The f i l t r a t e  & neutral ized and made acid with 10 m l .  of  6 N .  
s u l f u r i c  acid. .  Two drops of 1% potassium ferricyanide and tvo drops o f  1% 
diphenglmine ind ica tor  in s u l f u r i c  acid a r e  added. A t  l eas t  2 nl. of s t a n d u d  
0.1 M, zinc solut ion i s  added. The solut ion i s  t i t r a t e d  w i t h  0.05 M. potassium 
ferrocyanide solut ion t o  t h e  app2arance of a grzen coloy. The solut ion i s  back 
t i t r a t e d  w i t h  standard zinc solut ion.  t o  a blue caloro 

The standard z inc  solut ion i s . m d e  by dissolving weigheti amounts of 
The standard ferrocyanide so lu t ion  i s  dandardized against  t he  meta l l ic  zinc. 

z inc solut ion.  

If the amount o f , z i n c  bei ig  dztermindd i s  small, t he  pocedure should 
be checked. by thz  ana lys i s  of (CH3)2O:BF3 kx-~o~zm, t o  be f r e e  f r o m  zinc. 
proczdure has only been used occasionally and no experiments w i t h  zinc f r e e  
( CH3) 20 : BF3 have been czrr ied out. 

The 

I X .  HYDROGEN FLUORIDE DETEBdINiTION 

k de ta i l ed  study of the etch tes t  in which hydrogen fluoride i s  
determined i n  (CH3)2O:BF3 by t h e  rate of reac t ion  with standardized s t r i p s  of  
s o f t  glass was described by Kirshenbaua.7 It was reported t h a t  t h e  extent  of 
etching was a function of the  water concentration as msasured by Karl Fischer 
t i t r a t i o n s  as w s l l  as the hydrogen f luor ide  concentration. In samples of 
(CH )2O:BF3 taken from the f r a c t i o n a t k  uni t ,  not only are there  severa l  
d i f ?wen t  compounds which contr ibute  t o  t h e  observed Karl Fischer  t i t e r s ,  but 
t he re  are a lso  o the r  substances not neasurzd by %he Karl Fischer determination 
but causing a r e l a t i v e l y  high conductivity which night very wel l  a f f ec t  the  
etching reaction. 
No sa t i s f ac to ry  method for t h e  determination of hydrogzn .f luoride i n  plant 
(CH3)20:@3 has been found except t h e  s o d i m  hydroxidi! t i t r a t i o n .  
t i t r a t i o n  i n  which boron and f luor ine  a r e  deterrilined w i l l  show excess f luorine 
i n  amounts of  a few tenths  of one per  cent.. 

The mthod i s  therefore  not s a t i s f ac to ry  f o r  plant  anal ises .  

This 
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X. fi:J1L FISCHW METHOXYL DETEBKINATION 

1,. . Introduction 

In connection with the search f o r  a mechanism f o r  the  disappearance 
of Karl Fischer t i t r a t a b l e  H20, the piwsence of CH3OH:E?F3 was pvmtulated. 
compound might be formed by reaction (6) suggested above. 

This 

( 6 )  
0 

(2H20):BF3 + (CH3)20:BF3 = 2 CH30H:BF3 t H20 

The compound CH30H:EF3 has been described i n  t h e  l i t ~ a t u r e , 5 ~  the  existence of 
t he  compound belng proved by vepor presscu-e nezsurments. 
howsverj reported t o  undergo decomposition on d i s t i l l a t i o n .  

The compound was, 

t o  
of 

A procedure f o r  the  analysis  of alcohols i n  (CH3)2O:BF3 was developed 
t e s t  the proposed nechanism (6) f o r  t h e  d isappearace  of  H20 and appearance 
CH30H. Two s tmdard  methods were considered. The ace ty l  chloride ~ i s t h o d 5 ~  

was considered f i r s t .  I n  t h i s  method t h e  alcohol i s  e s t e r i i i e d  and thb a c e t y l  
groups used u? are neasured by the dacrease in acid t i t e r .  
t he  a c i d i m t r i c  t i t r a t i o n .  Although the BF3 can 'be saparzted, t h i s  procedure 
i s  not vcry sa t i s f ac to ry  f o r  the detect ion of sml l  amounts o f  alcohol i n  the 
prdsmce of  BF3, 

8F3 i n t e r f e re s  with 

The nethod o f  Bryant, Mitchell, a d  Smith5 i n  which the alcohol i s  
estei-if ied with g l a c i a l  a c e t i c  acid and the water' l ibera ted  i s  t i t r a t e d  with the 
Karl Fischer reagent o f f e r s  much b e t t e r  poss ib i l i t i e s .  

ROH + CH3COOH = V R  + H20 (12) 

This procedure i s  normally car r ied  out using BF 
s o  t h a t  the procedure is  e a s i l y  addpted t o  (CH3j20:aF3 analysis. Pyridine i s  
added j u s t  before the  Karl Fischer t i t r a t i o n  t o  remove the  BF3 and prevent 
e s t e r i f i c a t i o n  of t h e  CH30H in the  Karl Fischer reagent. 
required for (CH3)2O:EF3 m.alysis 'is that t h e  eSter i f icat , ion flask cannot be 
stoppered because pressure i s  developed by t h e  (CH3)20 evolved on heating. 
Drying tubes f i l l e d  with dr ie r i te  a r e  connected t o  t h e  e s t e r i f i c a t i o n  flasks 
with ST ground glass jo in ts .  

as an e s t e r i f i c a t i o n  ca ta lys t  

The only m d i f i c a t i o n  

Jus t  as the  Karl F isch t r  H20 u ldys i s  was found t o  determine H3BO3 
-as w e l l ,  the  Karl Fischer CH30H-analysis was found t o  de temine  B(OCH3)3. 
CH3COOH r eac t s  with B(OCH3)3 i n  much the sane way t h a t  H20 does. 

-43 ' 

The deconposition product, methoxyl boron dif luoride,  (BF@CH3)3 

by the  Karl Fischer reagent as i f  it were H2O. 
* methoxy f luor ides  reac t  s i n i l a r l y .  The H3BO3 formed by reaction - 

and other  mixed 
(13) i s  t i t r a t e d  
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Tests were carr ied o u t - t o  show tha t  CH3OH and B(OCH3) could be 
determined quant i ta t ively.  Measurefients viere then car r ied  out z o show t h e  amount 
of CH30H + B(OCH3)3 formed on:-he'atin& (CH3)2O:BF3 containing H2O. Final ly ,  
expe rmmts  were car r ied  out i n  an attempt t o  iden t i fy  CH3CH as the product 
which causes the  high conductivity of the product withdrawn from t h e  botton 
of the  fract ionat ion unit. 

I 

The most useful  appl icat ion of t h i s  ana ly t i ca l  procedure would be f o r  
t h e  determination of B-OGH 
unit. 
than the pu r i ty  analyses which have been used i n . t h e  past t o  calculate  t h e  amount 
of (BF2OCH3)3 ind i r ec t ly  . 

groups in the overhead draw off  from t h e  f rac t iona t ion  
This should be a be ? t e r  mthod of determining the  amount of decornposition 

i, 

. .* 

. 
* .  

. - 

B. Procedure f o r  Methoxyl Determination . 

Two ml. of the (CH3)20:BF3 t o  be analysed a re  added t o  a 100 nl. 
Ten ml. of Baker's reagent grade g l a c i a l  volumetric f l a s k  with ST 13-stopper.  

a c e t i c  acid a r e  added from an automatic buret. 
d r i e r i t e  i s  attached t o  t h e  f l a s k  with a ST 4 / 3 5  jo in t .  
t o  room temperature, then placed in i c e  water. 
added and the  solution i s  t i t r a t e d  with Karl Fischer reagent in the  usual way. 

A drying tube containing 

Vihen cool, 4 m l .  of  pyridine a r e  
The f l a sk  i s  cooled 

A blank containing the  same amounts of  ace t i c  acid and pyridine i s  
t i t r a t e d  a t  t h e  same time. 
(CH3)20:BF3 must  a l so  be made. 
t he  blank f o r  the water in the  pyridine and a c e t i c  acid and another blank f o r  the 
water present i n  the  (CH3)2O:BF3. 

Karl Fischcr  reagent, of drying the glassware, and of carrying out the  t i t r a t i o n  
a re  iden t i ca l  with those described f o r  the Karl Fischer hydroxyl determination. 
Froin t h o  standardization made with a H20 standard the concentration i n  t e r m  of  
mg. CH30H/ml. reagent is calculated,  ' 

be increased t o  5 ml., the  amounts of pyridine and ace t i c  acid being increased 
proportionately. 
would more than f i l l  the  100 ml. f l a s k  i f  a 5 ml. sample were used. 

k separate  analysis of Karl Fischer hydroxyl in t h e  
The amount of CH3OH i s  calculated a f t e r  subtract ing 

The ?ethod of.preparing and handling reagents, of standardizing the 

For determinations of smaU amunts o f  CH30H t h e  size of the sample can 

For larger,amounts of CH3OH the  amount of Karl Fischor reagent 

The result i s  expressed as per  cent  CH30H but it must be real ized t h a t  
methoxyl groups in B(OCH3)3 and (BFgCH3)3 are included in t h i s  determination as 
w e l l  as any o ther  B-OCH3 groups. 

C. Evaluation of Methoxyl Procedure - 
Accuracy and precision of  mthoxyl  determination.-The data obtained 

i n  analyses of solut ions containing weighed a r - u n t s  of CH3OH arid of B(OCH3)3 
are shown i n  Table XIX. 
hydroxyl s ince it was known t o  be unpure. The equivalent amount of rrethoxyl 
was calculated by subtract ing t h e  equivalents of f luor ine  and of hydroxyl from 
the  equivalents of boron. 
s a t i s f ac to ry  but indicates  t h a t  the method can be used f o r  approximate 
determinations. 

The B(OCH3)3 used was -+-sed for boron, f luorine,  and 

The agreement with the  theo re t i ca l  i s  not e n t i r e l y  
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. .- TAEU X I X  

Accuracy of Xethoxyl Detemination 

ml. K.F. CHqOH CH3OH 
Compound $ Added Puri ty  ml. S a m e  Reagent F o k d  Cali . 
B(OCHj)3 1 .51  E38 2 k.2 1.16 1.23 
CH3CH le23 100 2 3.1 0.85 1.. 23 

- 

CH3OH O.li6 100 5 5.5 0.57 0.46 
W30d 4.28 100 2 20.0 5 .O 4.28 
CH30H 3 . 4  100 2 15.6 3.9 3 . 4  

The data regorted i n  Table ,XiX were i n  each case arl average of two 
deteiminations. In  some of t he  determinations the  difference between t h e  two 
determinations was ra the r  large.  In  other determinations excellent agreenent 
was obtairled. 
preFf?nted i n  Table X I X  a r e  su f f i c i en t  evidence t h a t  t h e  method as carr ied out 
did riot o p r a t e  as s a t i s f a c t o r i l y  as in t h e  determinations d-escribed by 
Bryar,t , Kitcilell,  and Smith. 

No. d a t a . a r e  presented f o r  ul estimate o f  precision. Tne da t a  

Application' t o  determination of decorapositicn product .--Determinations 
of the per. cent (BFzOCH~)~ present i n  the overhead draw off from t h e  f rac t ions t ion  
unit have been calculated f ron msthoxyl determinations, f r o 2  (CE3)2O determinations, 
and from boron and f luor ine  detePminations. 
(CX3)2O determinations as t h e  difference from 100%. 

(Ci-)-O:BF3 determined by f luor ine  t i t r a t i o n .  

'The (aF2@Cd3)3 i s  calculated from 
,From equations (15) and (16) 

the  per  cent (BFZOGH~)~ Can be calculeted f r o m  t he  per cent 
(C:i13)2@:BF3 determined by boron t i t r a t i o n  and f o r  per cent 

(- 3.". The r e s u l t  i s  shown i n  equation 
17 

Al l  of these calculat ions neglect t o  consider t h e  hydroxyl compound o r  
They assme compounds which a r e  hlxays present along w i t h  t h e  nethoxy compound. 

a l s o  the  absence of free,B(OCH3)3 and of CH3O'i- o r  CH30H:BF3. 
prescntcd by M~Caulay5~ f o r  t he  e q u i l i b r i u  constant f o r  react ion (18) calctl lations 
wsi-e made by 12cCaulay t o  show t h a t  t h e  acmunt of  free (CH3)20 which would haye t o  
be present t o  cause as  much as 1% S(OCH3)3 t o  be present would be nearly 2% 
(CHq: 20 in t h e  l iquid phase. 

From the  data  

I .  

d' 
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This concentration corresponds t o  a p a r t i a l  pressure of 2.40 m. of mercury f o r  
(CH3)2O in t he  vapor phase. Since t h e  t o t a l  pressure a t  thg top  of an operating 
column is  150 mm. of mercury, it is  not l i k e l y  tha t  appreciable concentrations of 
(CI-I3)9 o r  B(OCH3)3 a e  present in the  (CH3)2O:BF3 drawn froin t h e  top  o f  the  

whether CH3OH cguld be present in these samples. 

avai lable  f o r  comparing the  (CH )$ determination wi th  t h e  boron and f luorine 

are nearly always higher, indicat ing thaf; the solutions are not simple mixtures 
of (aFzOCH3)3 a6d (CH3)2O:BF3. 
d e t a a i n a t i o n s  also indicate  t h a t  t he  amount of (BF20CH3)3 i s  l e s s  than t h a t  
calculated f roin t h e  boron and f luorine t i t r a t i o n s  . 

- 
' @ 
-a. column, Not enough is  known about t h e  reactions o f  CH3OH i n  (CH3)2O:BF3 t o  decide 
&=# 

P i  
The d a t e  obtained a r e  shown i n  T-able XX. A great  .deal of data  i s  

. 1 - 
. d z t e r r ~ n a t i o n s .  The r e s u l t s  ca culated from boron m d  f luorine determinations 

'I 

. t  - _  Such data  as a re  avai lable  f o r  methoxyl 

It i s  f o r  accurate analyses of Kethoxyl i n  the overhead decomposition 
product t 5a t  the  development of a more accurate procedure should be considerkd. 

- .3 Determination of Decmposition Product 

4 
. 

E 

'*e- ,* 

s (BF20CH )3 
(CH ) 0 Anal. 

$2 
2 Date 

Avg. May, 1945 
Sample CH3OH Anal. B & F h a .  

12.8 
. .  

9-17-45 
9-19-45 
9-21-4 5 
9-24-45 
9-27-45 
10- 5 -4 5 

10.9 
10.9 
10.5 
10.1 

6.6 11.8 
4.2  7.5 

5 87 
7 03 
6*9 
6.2 
7.4 
2 0 1  

Application t o  determination of CH30h':BF2.--Analyses were nade f o r  
CH30H in samples taken from the reboi le rs  of t h  e f rac t iona t ion  unit. 
previously presented in Table X V I I  show t h a t  no s ignif icant  amounts of  CH3OH 
could be detected by t h i s  method in t h e  high conductivity products from the 
reboi le rs  containing the  less v o l a t i l e  material ,  ina ica t ing  t h a t  t h e  high 
conduct ivi t ies  are not a rneasure,of CH3OH. 
probably have l i t t l e  vcalue .for analyses of t h e  reboi ler  samples. 

The data 2 

The msthoxyl determination would 

Although no CH30H could be  found i n  s ign i f icant  amounts-in t h e  
reboi lers ,  
disappearance of Karl Fischer  water on heating (CH3)2O:EF3 was made. 

attempt t o  ident i fy  C H p H  ih t h e  products formed during t h e  

- 
Samgles containing H20 were analysed f o r  hydroxyl H20 and f o r  nethoxyl 

groups and were then heated a t  1OOOC. and analysed again. 
expa rhen t s  with 5 and 12  hours heating are shown in Table XXI. 
CH30H fcuid was grea ter  t h a n  t h a t  required t o  2.ccount f o r  t he  H20 which has 
disappeared. 
fcrrwd by the thermal decomposition according t o  equation (19). 

The results from two 
<- 

0 The amount of 

' This may be explained by t h e  methoxyl msu l t ing  from the  (BF20CH3)j 
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It i s  known t h a t  n t  l e a s t  pa* .of t h e  observsd net-hoxyl i s  due t o  t h i s  decomposition 
’ product. 
(19). The react ion ( 6 )  f o r  t h e  disappearance of H20 t o  form CH3OH has been 
ne i the r  proved nor  disproved. 

!lieo,:%4° would be required t o  sett le t h e  problem of disappearance of Karl Fischer 

il 

It i s  possible t h a t  a l l  of the observed rncthoxyl results from reaction ’’ 0 
A de ta i l ed  study of tha e f f e c t  of h a t i n g  

* .e, (CH3!2O:sF3 containing H20 along-the l i n e s  of the experiinents carr ied out by 

t i t r a t a b l c  hydroxyl groups. 

TAgLE X X I  

Dishppearance of Karl Fischer Water 

Before Heating . After Heating % N30H Time 
%H20 CH3OH a 2 0  %m30H Calculated Heating - - 
4.68 0.5 3 -64 5.3 3 -70 5 hrs .  
5.24 0.4 3.81 8.3 5 -09 12 hrs. 

Suggestions f o r  fu r the r  study.--The inhhod has not been found 
sa t i s f ac to ry  f o r  quant i ta t ive analyses. 
i s  not complete, t he  es te r i f icag ion  of t h e  methanol i n  the Karl Fischer reagent 
with a c e t i c  acid i s  not e n t i r e l y  blocked, o r  con ta rha t ion  by water i s  taking 
place. 
quant i ta t ive method. 

It would appear t h a t  e i t h e r  t h e  hydrolysis 

It should be possible t o  improve the  technicue and devslop an accurate  

If Eieber t t s  experiment in which (CH3)20:BF3 containing H20 was heated 
i n  a fractionatir,g column, removing the  decomposition product overhead t o  keep 
t h e  t o p  temperature constant, were repeated, it should be possible,  using the  
methoxyl determination which was not ava i lab le  a t  t he  t ine Hiebert’s experiments 
tverd ca r r i ed  out, t o  de f in i t e ly  determine whether CH OH i s  formed in tha 

methoxyl it should be  possible t o  obtain t h e  desired information conczrning the  
reaction of  H20  with ( C H 3 ) 9 : B F 3  f r o m  such an  experiment. 

disappearance of H2O. Even with t t e  crude analyt ica  4 procedurc now used f o r  

. .  

X I .  DETEH~UNATION OF OTHER IMPURITEB 

In  adJ i t ion  t o  t h e  impuri t ies  f o r  which analyses have been described, it 
i s -poss ib lk  t h a t  fu r the r  contamination i s  introduced by the b p u r i t i e s  known to  
be present in t h e  BF3 and the  (CH3)2O used t o  prepare’ the feed  (CH3)2O:BF3. 
nature  of t h e  impuri t ies  present in these gases, estimates o f  t h e  amounts, and 
descr ipt ions of t he  procedures used f o r  analyses have been obtained f r o m  the  
manufacturers. 
made it appear l i k e l y  t h a t  only a negl igible  containination of t he  feed (CH3)20:BF3 
would occur. 
f a c t  t h a t  t h i s  (CH3)20:BF has been successful)y used as feed t o  t h e  f rac t iona t ion  
uni t  over a long period 03 time. 

The 

Careful consideration of thasc: da ta  and o ther  a v a i l a b k  information 

This has been confirmed by pur i ty  analyses of the  f eed  and by t h e  
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3 However, it appears l i k e l y  that small impuri t ies  in t h e  (CH3)2O:BF3 
i n  t h e  fract ionat ion unit w i l l  %ecome of s o r e  . i n t e re s t  a s  e f f o r t s  a re  macle t o  
increase qua l i t y  and quant i ty  of product. 
of analysis  of BF +* determining the  d p u r i t i e s  UI ( C H  )20:BF3, these methods are presented below. 

@ 
. 

In  view of the f a c t  t ha t  t he  methods 
and (CH3!2O may be of value i n  s e t t i ng  up rtiethods f o r  * 

Consideration i s  given t o  the pro 2 abi l i ty  of reactions taking place w i t h  these 

. .  

impurit ies which would lead to  contamination of t he  product. 

The Harshaw Chemical Corripany r e p o r i s  the  impurit ies i n  BF as a i r ,  
S S 4 ,  SOz,  and SO3. Procedurzs used bj- t h e  Harshaw C o m ~ a n $ - l  f o r  t 2 e 
de teminat ion  of unpuri t ies  i n  BF3 were studied by the  author at tha S.A.U. 
Laboratories. 
sa t i s fac tory .  
s a t i ~ f a c t o r y 3 ~  than the  NaOH t i t r a t i o n  used by Harshaw. 
colorirnctric method would o f f e r  t h e  best  ap2l icat ion t o  the  detcrninat ion of 
SiFL i n  (CH )20:BF3. SO3 analyses were not rmde,as Harshaw claims t h a t  only 

was  employed a t  S.A.M.2 but t he  Xarshaw procedure could bc used. 

K i r s h e n b a ~ d  has  shown tha t  S i F 4  does not react appreciably a t  mom temperature 
with (CH3)20. 
compound should be less s t ab le  than ( C H  )2O:BF3. 
be present i n  fract ionated (CH3) 20 : BF3 ? h a  SO2 

unsaturated hydrocarbons, and non-volatile residue. 
developed i n  o ther  laborator ies  f o r  t h e  determination of H20 and CHjOH using t h e  
Karl Fischer  reagent,37 and for t he  low boil ing impurities.12 
with H2SO4, determined by t i t r a t i o n  with MaOX, and reported as "3. 
a re  absorbed with dini t rophenylhydrazie  i n  H C 1  , d e t e h e d  gravimetrically,  and 
reporteti a s  isobutyrkldehyde. 
reagent, determined gravimetrically,  and reported as isobutylene. 

Tha iodimetric procedure for SO2 used by Hashaw was found 
Several  procedures f o r  SiF4 were found which w 2 r e  ,mre 

The molybdate 

occ;sional z races a r e  found. An improved procedure f o r  the  de teminat ion  of air  

No anzlyses f o r  these  const i tuents  in (CY3>20:BF3 have been made. 

S02, however, i s  known t o  form a compound with BF3.53 T h i s  
SO3 is probably l e s s  ap t  t o  

The impuri t ies  .known t o  be present in (CH3)2O a re  H20, amines, aldehydes, 
Procedures have been 

Amines are  absorbed 
ddehydes 

Unsaturated hydrocarbons are absorbed with Denige' s 

Amines would form BF3 compounds of l o w  v o l a t i l i t y  col lect ing i n  the 

No analyses 
B10 f rac t ion .  
rcact ions and form coinpounds which would co l l ec t  in t h e  product. 
have been Eade f o r  any of these const i tuents  in (sW3)2O:BF3. 

quant i ty  of product fi.caa the  f ract ionat ion uni t ,  invss t iga t ion  of and-y t ica l  
procedures f o r  the  determinztion of some of these const i tuents  in (CH3)2O:BF3 
should bz made. 

I n  the presence of BF3 the  o ther  organic compounds might undergo 

If fu r the r  research is  carr ied out i n  order t o  improve the qua l i t y  and 
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