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METHODS OF ANALYSIS OF ANISOLF-BF3 SOLUTIONS 

H .  P .  House, J. R .  Lund, J. 
A .  S .  Meyer, Jr., E .  C .  Lynn, 

J. L .  Mottern and C .  D .  

INTRODUCTION' 

The methods of ana lys i s  given i n  t h i s  r epor t  

R .  French, 
L.  J .  Brady, 
Susano 

a r e  those which were used i n  
the  Ana ly t i ca l  Chemistry Division of t he  0a.k Ridge Nat ional  Laboratory for 
analyzing sample5 which were der ived from t h e  experimental  work on t h e  sepa- 
r a t i o n  of t he  isotopes of boron by chemical exchange. 

The samples cons is ted  pr incipa. l ly  of boron t r i f l u o r i d e  so lu t ions  i n  

Boron w a s  determined on a l l  
an i so le  (methyl phenyl e t h e r ,  CH30C6H5). 
a few p a r t s  per mi l l ion  t o  5 or  6 per c e n t .  
samples. During t h e  e a r l y  s t ages  of t h e  p r o j e c t ,  i r o n  and copper were oc- 
cas iona l ly  determined, while a l imi t ed  number of aqueous so lu t ions  and w a t e r  
e x t r a c t s  of an i so le  so lu t ions  of BF3 were analyzed f o r  f luobor ic  and hydroxy- 
f luobor ic  ac ids ,  bo r i c  ac id ,  t o t a l  boron, and t o t a l  f l u o r i d e .  

The boron concentrat ion ranged from 

Boron was determined by the  use of e i t h e r  a spectrophotometric or  volu- 
metr ic  method, depending on t h e  amount a .vai lable .  I n i t i a l l y ,  i f  t h e  amount of 
sample and boron concentrat ion were such a s  t o  provide a t o t a l  of a t  l e a s t  2 
t o  4 mg of boron, t he  volumetric method w a s  u t i l i z e d  and found t o  be satis-  
f a c t o r y .  For smaller  a,mounts, t h e  spectrophotometric method was used. La ter ,  
because of i t s  g rea t e r  speed and s impl i c i ty ,  t h e  spectrophotometric method was 
used f o r  samples i n  the  intermediate  range of 4 t o  20 mg of boron i n  preference 
t o  the  volumetric method. The l a t t e r  method includes a s t e p  which r equ i r e s  
four  hours f o r  hydrolyzing f luobor ic  a c i d  completely t o  bo r i c  a c i d .  This 
time-consuming s t e p  i s  avoided by the  use of t h e  spectrophotometric method. 

I ron  and copper were determined by spectrophotometric methods. Ortho- 
phenanthroline was used a s  t h e  chromogenic reagent  i n  the  determination of i ron ,  
whereas sodium diethyldi thiocarbamate was used f o r  determining copper. 

A s p e c i a l  technique, developed by Wamser('), was used, with some modifi- 
ca t ions ,  f o r  t h e  determination of f luobor ic  and hydroxyfluoboric ac ids ,  b o r i c  
ac id ,  and f l u o r i d e  i n  a few samples. 

The methods which a r e  compiled i n  t h i s  r epor t  a r e  a s  follows: 

Boron, Spectrophotometric Carminic Acid Method 
Boron, Volumetric Method 
I ron ,  Orthophenanthroline Spectrophotometric Method 
Copper, Sodium Diethyldithiocarbamate Spectrophotometric Method 
Determination of To ta l  Fluoride,  To ta l  Boron and Products of 

Hydrolysis of BF3 i n  Aqueous Solu t ions  

(1) Wamser, Chr is t ian ,  :A, J . , A m .  Chem. SOC., - 73, 409 (1951) 



BORON, SPECTROPHOTOMETRIC CARMINIC A C I D  METHOD 

I .  SCOPE 

This method i s  s u i t a b l e  f o r  t h e  determina,tion of boron i n  micr0gra.m 
q u a n t i t i e s  i n  aqueous s o l u t i o n s  or i n  organic s o l u t i o n s  from which t h e  boron 
cam be e x t r a c t e d  by water.  

11. PRINCIPLE 

Carminic a c i d  o r  carmine r e a c t s  wi th  boron i n  s o l u t i o n s  of concentrated 
s u l f u r i c  a c i d  t o  produce a n  in t ense  co lo r ,  which i s  sui ta ,ble  f o r  use i n  t h e  
spectrophotometr ic  determinat iop of boron. The co lor  change i s  from a b r i g h t  

;:,",:?d . The absorbance obeys Beer ' s  l a w  over t h e  range of 0 t o  30 pg of 
boron i n  a f i n a l  volume of 22 m l .  

he a.bsence of boron, t o  a b l u i s h  r ed  or b lue  i n  t h e  presence of 

111. STATUS 

Hatcher and Wilcox(2) f i r s t  used t h e  co lor  produced by t h e  r e a c t i o n  of 
boron with carmine No. 40 N .  F. f o r  t h e  q u a n t i t a t i v e  determinat ion of boron 
i n  w a t e r ,  s o i l  e x t r a c t s  and p l a n t  t i s s u e s .  They noted t h a t  carminic a c i d  
can a l s o  be used f o r  t h i s  purpose. 
determinat ion of boron i n  b i o l o g i c a l  ma te r i a l s ,  Smith e t  a l .  i3) found t h a t ,  
when carminic a c i d  was used as t h e  chromogenic reagent ,  t h e  co lor  developed 
and reached maximum i n t e n s i t y  wi th in  f i v e  minutes a f t e r  t h e  a d d i t i o n  of t h e  
reagent ,  and t h a t  t h e  co lor  was s t a b l e  f o r  a t  l e a s t  70 minutes. On t h e  o the r  
hand, when carmine No. 40 N .  F.  was used, 35 minutes was r equ i r ed  f o r  t h e  
color t o  reach  ma.ximum i n t e n s i t y .  

I n  t h e  a p p l i c a t i o n  of t h ' s  method t o  t h e  

The i n t e n s i t y  of t h e  color is  a f f e c t e d  by t h e  concent ra t ion  of t h e  
s u l f u r i c  a c i d  i n  t h e  s o l u t i o n  i n  which it i s  developed. Consequently, t h e  
r a t i o  of t h e  test  po r t ion  of t h e  aqueous sample s o l u t i o n  t o  s u l f u r i c  a c i d  
must c l o s e l y  approximate t h e  r a t i o  used i b  t h e  prepara t ion  of t h e  c a l i b r a t i o n  
graphs.  To maintain t h i s  r a t i o ,  a 2-ml t e s t  po r t ion  i s  used i n  a l l  ca ses .  
Samples which are too  d i l u t e  or t o o  concentrated wi th  r e spec t  t o  boron may be 
concentrated by evaporat ion or d i l u t e d  u n t i l  t h e  t o t a l  boron concent ra t ion  
f a l l s  wi th in  t h e  des i r ed  range when 2-ml por t ions  a r e  used f o r  a n a l y s i s .  

This method has proved p a r t i c u l a r l y  u s e f u l  f o r  t h e  determinat ion of 
boron when p resen t  a s  BF3 i n  a n i s o l e .  I n  water e x t r a c t s  from a n i s o l e ,  
t he  boron is  present  a s  f luobor i c  a c i d  or hydro ly t i c  products t h e r e o f ,  
including some b o r i c  a c i d .  I n  t h e  volumetric method f o r  macro amounts 
of boron, it i s  necessary t o  r e f l u x  t h e  s o l u t i o n  of f luobora t e  w i t h  calcium 
ch lo r ide  for a long pe r iod  of time i n  order  t o  hydrolyze a.11 of t h e  fluo- 
bora t e s  t o  b o r i c  a c i d .  Mannitol i s  then added and t h e  b o r i c  a c i a  i s  t i- 
t r a t e d  wi th  s tandard  sodium hydroxide. 
consuming but  it is  unsui ted  f o r  microgram amounts of boron. The spec t ro -  
photometric method i s  much more r a p i d  than  t h e  volumetr ic  method, and it i s  
applica.ble f o r  samples t h a t  conta in  only a few micrograms of boron. 

This method is  not only t ime- 

R 
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Fluor ide ,  i n  t h e  concentrat ions found i n  t h e  aqueous f luobora te  
e x t r a c t s  of an i so le  s o l u t i o n s  of BF3, does not i n t e r f e r e  wi th  the 
spectrophotometric d terminat ion of boron t o  a. s i g n i f i c a n t  e x t e n t .  

n i t r i t e  by t h e  add i t ion  of hydrochlor ic  a c i d .  
r epor t ed  tha.t no o ther  inorganic  substances commonly found i n  wa.ters, 
s o i l s ,  p l a n t s  and b i o l o g i c a l  mqterials appeared t o  i n t e r f e r e .  

P2,3) 
Hatcher and Wilcox ( 27 elimina.ted t h e  in t e r f e rence  of n i t r a t e  a d 

Severa l  workers 

Smith e t  a.1. ( 3 ) ,  us ing  a Beckman Model DU spectrophotometer and 
developing t h e  co lor  i n  a f i n a l  volume of 11 ml, found t h a t  t he  s tandard 
devia t ion  f o r  2 t o  15 pg of t o t a l  boron i s  of t h e  order  of 2 pg. 

References 

1. 

2 .  
3.  

R .  Q .  Brewster, Organic Chemistry, pp. 743 and 744, Prent ice-Hal l  

J .  T. Hatcher and L .  V .  Wilcox, Anal. Chem., 22, 597 (1950). 
W .  C .  Smith, J r . ,  A .  J .  Goudie, and J .  N. S i v z s t o n ,  Anal. Chem. 

(1948) * 

- 27, 295 (1955) 

I V .  APPARATUS 

1. 
2 .  No o ther  s p e c i a l  apparatus  i s  requi red  f o r  aqueous so lu t ions .  

F lasks ,  volumetric,  - DRY, 2 5 - d .  

a 

i 

Sa.mples containing BF3, i n  an i so le  a r e  commonly de l ivered  i n  volumetric 
f l a s k s  o r  i n  bulbs  c losed  by a. stopcock. Provide connecting tubes wi th  t h e  
appropr ia te  ground g l a s s  j o i n t s  a s  needed t o  t r a n s f e r  t he  sa.mples from 
sample bulbs  t o  sepa.ratory funnels .  Fabr ica te  these  connecting tubes ,  as 
requi red ,  t o  f i t  t h e  particu1a.r  type of sample bulb t h a t  i s  encountered. 

V. REAGENTS 

1. Boron so lu t ion ,  s tock ,  500 pg B per  m l ,  f o r  prepa.ra.tion of 
s tandard  so lu t ions .  
of water.  Di lu te  a l i q u o t s  of t h e  s tock  so lu t ion ,  as requi red ,  t o  prepare 
so lu t ions  f o r  use i n  t h e  determina.tion of a c a l i b r a t i o n  f a c t o r  (NOTE b ) .  

2 .  
a c i d  i n  400 m l  of concentrated sulfuri-c a c i d  (reagent  grade, 95 t o  96 pe r  
cent  H2S04). 

Dissolve 2.86 g of b o r i c  a c i d ,  H3B03, i n  one l i t e r  

Carminic ac id ,  0.05 w t  per  cen t .  Dissolve 0.364 g of carminic 

3. Diethyl  e t h e r .  
4. S u l f u r i c  a c i d ,  concentrated.  

VI. SAFETY 

Wear rubber gloves when t r a n s f e r r i n g  so lu t ions  of concentra,ted 
sulfur ic  a c i d  t o  small  conta iners ,  inc luding  t h e  absorpt ion c e l l s .  
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VII. SAMPLING 

Transfer a l l  of t h e  sample of BF3 i n  a n i s o l e  t o  t h e  separa.tory funnel .  
Keep t h e  t i m e  of exposure of t h e  sample t o  t h e  atmosphere t o  a minimum 
during t h e  transfer,  s ince  samples r i c h  i n  BF3 i n  a n i s o l e  have an apprec iab le  
vapor pressure ,  even a.t room temperature.  See Appendix f o r  a method f o r  
accomplishing t h i s  t r a n s f e r .  

VI11 . PROCEDURE 

A .  Prepara t ion  of a Ca l ib ra t ion  Graph 

1. Prepare b o r i c  a c i d  s o l u t i o n s  conta in ing  2, 4, 6, 8 and 10 pg 
Process 2-ml por t ions  of each of t hese  ' so lu t ions  through 

(Only one reagent blank s o l u t i o n  i s  -required.)  
of boron per  ml. 
Steps  10 thrh  16; P a r t  B; 

ord ina te  versus  concent ra t ion  (pg B per m l  of final 
abscissa.  on r e c t i l i n e a r  graph paper, o r ,  

3. Ca.lculate a. c a l i b r a t i o n  f a c t o r  as follows: Divide t h e  
concent ra t ion  of boron, pg per m l ,  by t h e  corresponding absorbancy f o r  
each s tandard  s o l u t i o n  used. 
t h e  c a l i b r a t i o n  f a c t o r .  

2 .  Construct a c a l i b r a t i o n  graph by p l o t t i n g  absorbancy a s  
tes t  s o l u t i o n s )  as 

Average t h e  r e s u l t s  and ta.ke t h e  average a s  

B .  Boron i n  a So lu t ion  of Boron T r i f l u o r i d e  i n  Anisole 

1. Weigh t h e  sample and conta iner  t o  0 .1  g. 
2. 

3. 

4. 

Add a s u i t a b l e  volume of water from a measuring cyI inder  t o  

Transfer  t h e  sample t o  t h e  125-ml separa tory  funnel  ( s e e  Apx.). 

Wash t h e  sa.mple conta iner  wi th  t h r e e  po r t ions  of e t h y l  e t h e r ,  

a l25-ml separa tory  funnel  (NOTE a ) .  

Stopper t h e  funnel  immediakely . 
each po r t ion  having a. volume approximately one - th i rd  t h a t  of t h e  sample 
s o l u t i o n .  Add t h e  washings t o  t h e  sepa ra to ry  funnel .  Keep t h e  funne l  
s toppered except when adding s o l u t i o n s .  

weight from t h e  weight of t h e  f l a s k  and  sample (S tep  1) t o  ob ta in  t h e  sample 
weight. This s t e p  may be dela.yed u n t i l  l a t e r .  

u n t i l  t h e  two phases are completely separa ted .  

volumetr ic  f l a s k  (NOTE a ) .  

t he  i n i t i a l  e x t r a c t  i n  t h e  volumetric f l a s k .  

Mix w e l l .  

25-ml volumetr ic  f l a s k  (NOTE d ) .  
second 25-ml volumetr ic  f l a s k  ( f o r  reagent b lank)  (NOTE e ) .  

f l a s k s  and then  s topper  t h e  f l a s k s .  

5. Dry t h e  sample conta iner  and weigh it t o  0 . 1  g.  Deduct t h i s  

6 .  

7. Drain o f f  t h e  lower aqueous phase i n t o  a 50 or 100-ml 

8. 

9 .  

10. 

Sha.ke t h e  sepa.ratory funnel  f o r  15 seconds. L e t  it s t and  

Twice r epea t  S teps  6 and 7, adding t h e  aqueous phases t o  

Di lu t e  t h e  combined aqueous e x t r a c t  t o  volume (NOTE c ) .  

P ipe t  a 2-ml a l i q u o t  of t h e  d i l u t e d  e x t r a c t  i n t o  a dry,  
Also, p i p e t  2 m l  of water i n t o  a 

11. Pipe t  10 m l  of concentrated s u l f u r i c  a c i d  i n t o  each of t h e  
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12. Place t h e  f l a s k s  i n  an i c e  ba.th and l e t  t h e  so lu t ion  coo 
t o  room temperature .  Mix t h e  so lu t ions  by swi r l ing  t h e  f l a s k s .  Cool 
t h e  so lu t ions  aga in  u n t i l  they  a r e  a.t approximately room temperature 
(NOTE e ) .  

13.  Pipe t  10 m l  of t h e  carminic a c i d  reagent  i n t o  t h e  f l a s k s .  
14. Stopper t h e  f l a s k s  immediately and mix t h e  conten ts  

15. F i l l  one c e l l  from a set  of matched c e l l s  of 1-cm l i g h t  
thoroughly.  L e t  t h e  s o l u t i o n s  s tand  for 10 minutes.  

pa.th wi th  t h e  sa.mple s o l u t i o n  and t h e  o ther  c e l l  wi th  the  reagent  blank 
s o l u t i o n  (NOTE f ) .  

16. Measure t h e  absorbancy of t he  sample so lu t ion  aga ins t  t h e  
reargent blank by means of  a Beckman, Model DU or Model B ,  spectrophotometer 
a t  a wavelength of 585 mp. 

C .  Boron i n  Water Solu t ions  

1. Measure t h e  volume of t h e  sample, or d i l u t e  or  copcentrate  
it t o  a s p e c i f i c  volume (NOTES d and g) ,  and follow t h e  procedure of P a r t  B, 
S teps  10 through 16. 

Calcu1a.t ions  

4 

A .  Boron i n  Solu t ion  of BF3 i n  Anisole 

L e t  W = sample weight, g, 

V = volume t o  which aqueous e x t r a c t  was d i l u t e d ,  m l ,  

Z = d i l u t i o n  f a c t o r  = 11 ‘( fo r  volumes spec i f ied)  

1 

A = absorbancy 

F = ca . l ib ra t ion  f a c t o r  = pg of B per  m l  i n  f i n a l  t e s t  s o l u t i o n  per  
u n i t  a.b s orbanc y 

C = vg of B per  m l  (from cal ibra . t ion graph) i n  f i n a l  t e s t  so lu t ion  

When ca l ibra . t ion  f a c t o r ,  F,  i s  used, 

Boron i n  sample, pg = AFZVl 

AFZVl PPlp = - W 

per  cent  = 10 -~AFZV,  
W 
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When C i s  determined from a ca l ibra . t ion  graph, 

Boron i n  sample, pg = CZVl 

ppm = czvl 
W 

lo-kzvl per  cent  = 
W 

B .  

L e t  

For Boron i n  aqueous Solu t ipn ,  where no e x t r a c t i o n  was necessary,  

V1 = volume of sample or volume t o  which sa.mple was d i l u t e d  , 

(o r  concentra.ted) , m l  

U s e  t h e  equa.tions given above f o r  making ca.lcula.t ions.  

Notes 

a,. If t h e  t o t a l  amount of boron i n  t h e  samples i s  a n t i c i p a t e d  t o  be 
l e s s  then 500 pg, use 10 t o  12-ml por t ions  of water for kx t rac t ions  (S teps  
2 and 8)  and d i l u t e  t h e  wa.ter e x t r a c t  t o  50 m l  (S tep  9) ;  i f  more than  500 
pg i s  a n t i c i p a t e d ,  use 20 t o  25 ml por t ions  of water f o r  each e x t r a c t i o n  
and d i l u t e  t h e  water x r a c t  t o  100 ml. 

by d i s so lv ing  0.2203 g of Nat ional  Bureau of Standard sodium te t rabora . te  
decahydrate i n  d i s t i l l e d  water and d i l u t i n g  t o  250 m l .  

be in t e r rup ted  a.t t h i s  po in t ,  s t o r e  t h e  a.queous extract  i n  a. polyethylene 
b o t t l e  t h a t  i s  equipped wi th  a t i g h t l y  f i t t i n g  s topper .  

d. A 2-ml sa.mple i s  used i n  a l l  cases  because t h e  i n t e n s i t y  of t h e  
co lor  i s  a func t ion  of t h e  concentrat ion of t h e  s u l f u r i c  a c i d  i n  the  so lu t ion  
i n  which it i s  developed. If the  a;bsorba.ncy i s  found t o  be  too  l a r g e  t o  
measure s a . t i s f a c t o r i l y ,  d i l u t e  an a l iquo t  of t h e  d i l u t e d  e x t r a c t  (S tep  9)  
t o  a s u i t a b l e  concent ra t ion ,  that i s ,  one tha.t  w i l l  y i e l d  a n  absorbancy 
reading of approximately 0 .1  t o  0.5. 

b .  Smith e t  a l . f 3 j  prepared a s tock  so lu t ion  of boron (100 pg B per  m l )  

c .  I f  t h e  aqueous e x t r a c t  i s  t o  be reserved  or i f  the a n a l y s i s  i s  t o  

If t h e  absorbancy i s  too  l o w  t o  be measured s a . t i s f a c t o r i l y ,  t h e  e n t i r e  
rema.ining water e x t r a c t  (S tep  9) or  an a l i q u o t  thereof  may be  concentrated 
a s  follows: Transfer  t h e  so lu t ion  t o  a beaker of boron-free g l a s s  or t o  a 
pla.tinum or Vycor d i sh .  A t  t h e  same time, t ramsfer  am equal  amount of water 
t o  a. s i m i l a r  conta iner  ( f o r  t h e  reagent  b l ank) .  
t o  each container  and eva.porate t h e  so lu t ions  t o  dryness.  
of water and d isso lve  a.11 of t h e  r e s idues .  
25-ml volumetric f l a s k s  a.nd follow the  procedure through Steps  10 t o  16, 
inc lus ive .  Measure t h e  a.bsorbancy of t h e  sample s o l u t i o n  a.gainst  t h e  
rea.gent blank so lu t ion  processed i n  t h e  same manner a s  t h e  sample s o l u t i o n s .  

Add one m l  of 0 .1  M NaOH 
Add t o  each 3 m l  

P ipe t  2 m l  of each s o l u t i o n  i n t o  
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e .  I n  order  t o  determine when t h e  so lu t ions  a r e  cooled s u f f i c i e n t l y ,  
check t h e  temperature (S tep  12), by re ference  t o  a thermometer i n  an 
a d d i t i o n a l  25-ml f l a s k  t h a t  a l s o  contains  2 m l  of water and 10 m l  of 
concentrated s u l f u r i c  a c i d ,  which were mixed and placed i n  the  cool ing 
b a t h  a t  t h e  same t i m e  as the  samples. 

i s  e s p e c i a l l y  necessary i f  it i s  t o  be used a s  a re ference  so lu t ion  f o r  
peasuring a. series of samples. Experience i n  t h i s  labora tory  and elsewhere 
ind ica t e s  t h a t ,  e s p e c i a l l y  i n  humid weather, t h e  concentrated s u l f u r i c  a c i d  
w i l l  r a t h e r  ra.pidly absorb s u f f i c i e n t  water t o  d i l u t e  t h e  sample enough t o  
change t h e  i n t e n s i t y  of t h e  color  t o  a measurable degree.  

I, 

f .  Stopper t h e  c e l l  t h a t  contains  t h e  reagent  blank s o l u t i o n .  This 

( 3 )  

The a c t  of emptying t h e  absorpt ion c e l l  without smearing cqncentra,ted 
s u l f u r i c  a c i d  on t h e  o p t i c a l  f ace  of t h e  c e l l ,  i s  one of t h e  most t roub le -  
some s t e p s  i n  t h i s  procedure.  I n  order  t o  accomplish this  t r a n s f e r ,  i t  i s  
convenient t o  p lace  a damp c l o t h  i n  a sha.llow t r a y .  Empty t h e  c e l l  by 
inve r t ing  it over a beaker and, a f t e r  t h e  so lu t ion  has dra.ined out and, 
while t h e  c e l l  i s  s t i l l  inver ted ,  touch the  open end of t h e  c e l l  t o  t h e  
dzmp c l o t h .  .The  c e l l  can now be turned  open end up and i s  ready t o  be  
f i l l e d  again.  Smearing of s u l f u r i c  a c i d  i s  f u r t h e r  con t ro l l ed  by wiping 
t h e  f ace  of t h e  c e l l  with a damp c l o t h  from bottom t o  t o p  before  wiping 
it wi th  l ense  t i s s u e .  

g .  If boron concentrat ion,  yg per  m l ,  only i s  requi red ,  it i s  
unnecessary t o  measure t h e  volume of t h e  sample or  t o  d i l u t e  it t o  a 
known volume. 

. .  . ,  
. .  

. .  . .  . .  

. _  
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I X ,  APPENDICES 
Figure A. Schematic Arrangement of Apparatus for Transferring Samples of B F 3  

in fw~isole~ 
i I 

I. Apparatus 2. Arrangement of apparatus 3 .  Arrangement of  
connected to  evacuate ( F) apparatus for 

transfer of anisole 

LEGEND: 
T. Sample tube  C. Connect ing tube 
F. Separatory tunnel S-I and S-2. Stopcocks 
A.  Anisole W .  Water 

. 
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Method of Transfer  

Refer t o  Figure A 1 

1. Close stopcock S-2 and a.dd a s u i t a b l e  quan t i ty  of water 

2 .  
(S tep  2 of the Procedure) t o  t h e  separa tory  funnel  ( F ) .  

by means of t h e  connecting tube ( C ) .  
Connect the sample tube (T)  t o  the separa tory  funnel  (F) 

Refer t o  Figure A 2 

1. I n v e r t  t h e  assembled apparatus and open stopcock S-2.  
2 .  Connect the end of t h e  separa tory  funnel  t o  a source 

3. Close stopcock S-2 and then  disconnect t h e  funnel  from 
of vacuum and evacuate t h e  separa tory  funnel  ( F ) .  

t h e  vacuum source ,  

Refer t o  Figure A 3 

1. I n v e r t  the assembly and open stopcock S-1. 
2 .  

3 .  

4. 

5 .  

6. 

Transfer  the a n i s o l e  s o l u t i o n  from t h e  sample tube  ( T )  t o  the 
separa tory  funnel  (F)  by gen t ly  shaking t h e  assembled appara tus .  

Remove, a s  a u n i t ,  t h e  connecting tube ( C )  and t h e  sample 
tube ( T ) ,  then  immediately stopper t h e  separa tory  funnel .  

T o  wash t h e  sample tube (T)  (S tep  4 of t h e  Procedure),  
f i rs t  evacuate it and then  connect it t o  t h e  connecting tube ( C ) .  

Pour t h e  predetermined q u a n t i t y  of e t h e r  (S tep  4 of t h e  
Procedure) i n t o  t h e  connecting tube ( C ) .  

Gradually open stopcock S-1 t o  permit t h e  e t h e r  t o  run 
i n t o  t h e  sample tube;  then  quick ly  c lose  t h e  stopcock when t h e  e t h e r  
l e v e l  reaches t h e  t o p  of t h e  stopcock. 

i n  t h e  tube .  

t h e  e t h e r  t o  t h e  separa tory  funnel  by gen t ly  shaking t h e  assembled 
appara tus .  

7.  Shake t h e  sample tube t o  d i s so lve  any a n i s o l e  that remains 

8 .  Assemble t h e  apparatus,  a s  shown i n  F i g .  IC, and t r a n s f e r  

9 .  Twice r epea t  t h e  above Steps  3 t o  8, inc lus ive .  
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BORON, VOLUMETRIC METHOD 

I .  SCOPE 

This method i s  s u i t a b l e  f o r  t h e  determina.tion of boron i n  macro 
a.mounts a s  b o r i c  a c i d  i n  a.queous so lu t ions  or i n  organic  so lu t ions  
from which t h e  boron can be  ex t r ac t ed  and converted t o  bo r i c  a c i d .  

11. PRINCIPLE 

I n  applying t h i s  method t o  t h e  determinat ion of boron a s  boron t r i -  
f l u o r i d e  i n  amisole,  t h e  boron i s  f i rs t  e x t r a c t e d  i n t o  wa.ter. I n  t h e  
hydro lys is  of boron t r i f l u o r i d e ,  f luobor ic  a c i d  a.nd hydro ly t ic  products of 
f l uobor i c  a c i d ,  including some bor i c  ac id ,  a r e  formed. Before a t i t r a . t i o n  
can be  made, t h e  hydro lys is  t o  bo r i c  a c i d  must be  complete. This  i s  ac -  
complished by r e f lux ing  t h e  aqueous e x t r a c t  with calcium chlor ide  f o r  four  
hours .  The f l u o r i d e  r e l eased  i s  prec ip i ta . ted  a s  calcium f l u o r i d e  and t h e  
boron salts a r e  completely hydrolyzed. The b o r i c  a c i d ,  which i s  r e l eased ,  
i s  too  weak a.n a c i d  t o  be t i t r a . t e d ;  however, it forms a much s t ronger  
monobasic a c i d  wi th  c e r t a i n  organic compounds containing hydroxy groups, 
such a s  mannitol .  
u n t i l  it i s  n e u t r a l  t o  methyl r e d .  Mannitol i s  then added, forming a 
complex a c i d  wi th  t h e  b o r i c  a c i d  which t i t r a t e s  as a f a i r l y  s t rong  monobasic 
a c i d .  The so lu t ion  i s  then  t i t r a t e d  wi th  s tandard  sodium hydroxide, phenol- 
ph tha le in  being used as t h e  i n d i c a t o r .  

111. REAGENTS 

The a c i d i t y  of t h e  b o r i c  a c i d  so lu t ion  i s  f i r s t  ad jus t ed  

1. Standard Sodium Hydroxide, 0 .1  N .  
2 .  Standard Hydrochloric Acid, 0 .1 -N.  
3 .  

4 .  Calcium Chloride Solutfon,  20 per  c e n t .  Dissolve 20 g of calcium 

5 .  Phenolphthalein Ind ica to r ,  0 .1  per  cen t .  Dissolve 0 . 1  g of 

Methyl Red Ind ica to r ,  0 .1  per  ceKt. Dissolve 0 .1  g of methyl 
r ed  i n  100 n i l  of e t h y l  a l coho l .  

ch lor ide  (anhydrous) i n  100 m l  of water .  

phenolphthalein i n  100 m l  of e t h y l  a l coho l .  

I V  . PROCEDURE 

+ 1. Weigh t h e  sample and conta.iner t o  - 0 . 1  g .  
2 .  Add 25 m l  of water from a measuring cy l inder  t o  

sepsra tory  funnel .  
3. Transfer  t h e  sample t o  t h e  U 5 - d  separa tory  funnel .  Stopper 

t h e  funnel  immediately. 
4. Wash t h e  sample conta iner  with three por t ions  of e t h y l  e t h e r ,  

each por t ion  having a volume approximately one- th i rd  t h a t  of t h e  sa.mple 
so lu t ion .  Add t h e  washings t o  t h e  separa tory  funnel .  Keep t h e  funnel  
s toppered except when adding so lu t ions .  
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5 .  Dry t h e  sample conta iner  and weigh it t o  0 .1  g .  Deduct t h i s  
weight from t h e  weight of t h e  f l a s k  and sample (S tep  1) t o  ob ta in  t h e  
sample weight. This s t e p  may be delayed u n t i l  la ter .  

u n t i l  t h e  two phases a r e  completely separa ted .  

f l a s k .  

i n i t i a l  e x t r a c t  i n  t h e  volumetric f l a s k .  

6 .  

7 .  Drain of f  t h e  lower aqueous phase i n t o  a. 100-ml volumetr ic  

8. 

9. Di lu te  t h e  combined aqueous e x t r a c t  t o  volume. Mix w e l l .  

Shake t h e  sepa.ra.tory funnel  f o r  15 seconds. L e t  it s t and  

Twice r epea t  S teps  6 and 7, adding t h e  aqueous phases t o  t h e  

10. Add a t e s t  po r t ion  from t h e  s o l u t i o n  prepared i n  S tep  9, con- 

11. 
12. Add 3 drops of methyl r e d  i n d i c a t o r  and t i t r a t e  w i th  0 .1  N NaOH 

13. Attach a 16 - in .  water-cooled r e f l u x  condenser t o  t h e  f l a s k .  

t a i n i n g  10 t o  30 mg of B, t o  a. 250-ml glass -s toppered  erlenmeyer f l a s k .  
Add 25 m l  of t h e  calcium ch lo r ide  s o l u t i o n  (20%) .  

- 
u n t i l  n e u t r a l  t o  methyl r e d .  

Reflux f o r  4 hours,  keeping t h e  s o l u t i o n  n e u t r a l  t o  methyl r e d  by t h e  
add i t ion  of 0 .1  N Na.OH through t h e  condenser as r equ i r ed .  

H C 1  u n t i l  t h e  s o l u t i o n  i s  n e u t r a l  t o  methyl r ed .  

mannitol f o r  each mill imole of b o r i c  a c i d . )  

phenolphthalein end po in t  wi th  s tandard  0 .1  N NaOE. 

phenolphthalein end po in t  wi th  0 .1  N NaOH. Repeat t h e  a d d i t i o n  of 
mannitol and t i t r a t i o n  u n t i l  t h e  e n 3  po in t  does not change wi th  t h e  
add i t ion  of mannitol. 

14 .  

15. 

16. 

17. 

Cool t h g  s o l u t i o n  and a d j u s t  c a r e f u l l y  wi th  0 .1  N NaOH or 0 .1  N 

Add approximately 3 Q of mannitol t o  t h e  s o l u t i o n .  

Add 5 drops of phenolphthalein ind ica to r  and t i t r a . t e  t o  a. 

Add approximately 0.5  g of mann i to l and  again t i t r a t e  t o  t h e  

c - 
(Add 1.1 g of 

. 

i -  

1 
Calcula t ions  

Let N = normali ty  of sodium hydroxide s o l u t i o n ,  

T = volume of sodium hydroxide from Steps  14 and 15, m l  

W = weight of t h e  sa.mple, g 

V = volume t o  which a.queous e x t r a c t s  are d i l u t e d ,  ml 

A = tes t  po r t ion  ta.ken i n  S tep  10, m l  

Then . T x N x V x 1.082 
W x A  tota .1  boron, per cent  = 

. 
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IRON,  ORTHOPHENANTHROLINE, SPECTROPHOTOMETRIC METHOD 

I .  PRINCIPLF, 

This  method i s  based on t h e  absorbancy of an orange-red complex, 
( C L ~ H ~ N ~ ) ~  Fe++ which i s  formed by t h e  r eac t ion  of orthophenanthroline and 
f e r rous  i ron .  Hydroquinone i s  used, t o  reduce t h e  ir,on t o  the  f e r rous  
condi t ion before  t h e  add i t ion  of t he  orthophenanthroline.  
i s  measured a t  a wavelength of 515 m l ~ . .  Copper, i n  concentrat ions up t o  
twice t h a t  of t h e  i ron  and chromium (CrIII) and n i c k e l  up t o  64 and 0 .8  
times t h e  i ron ,  r e spec t ive ly ,  do not cause in t e r f e rence .  

The absorbancy 
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11. REAGENTS 

1. Ammonium Acetate  Buffer Solu t ion .  To prepare t h i s  so lu t ion ,  
d i s so lve  200 g of ammonium a c e t a t e  i n  800 m l  of water .  
of g l a c i a l  a c e t i c  a c i d  and l l 5  m l  of concentrated hydrochlor ic  a c i d .  
Adjust  t h e  pH of t he  so lu t ion  t o  3.5 by t h e  dropwise add i t ion  of  concen- 
t r a t e d  hydrochloric a c i d  or  ammonium hydroxide. 

d i sso lve  1 g of hydroquinone i n  100 ml of water .  S to re  t h i s  so lu t ion  i n  
an amber-colored b o t t l e .  

so lu t ion ,  d i s so lve  0.25 g of 1,lO-orthophenanthroline i n  100 m l  of water .  
Heat t h e  so lu t ion  t o  d i s so lve  t h e  s o l i d  reagent .  S tore  $he so lu t ion  i n  
an amber-colored b o t t l e .  

prepared by p ipe t ing  25 m l  of a s tock  so lu t ion  which contains  200 micrograms 
of i r o n  per  m l ,  i n t o  a 5OO-ml  volumetric f l a s k  and d i l u t i n g  t o  volume with 
water .  To prepare t h e  s tock  so lu t ion ,  weigh 200 mg of s tandard i r o n  w i r e  
(99.9% Fe)  t o  t h e  nea res t  mg and t r a n s f e r  it t o  a 300-ml Erlenmqyer f l a s k .  
Add 30 ml of 1 t o  1 H C 1  and heat  t h e  so lu t ion  on a steam ba th  u n t i l  t h e  
wire d isso lves  completely. Cool t h i s  so lu t lon  and t r a n s f e r  it t o  a 1 - l i t e r  
volumetric f l a s k ;  then  d i l u t e  t o  the  mark with water .  

Then add 380 m l  

2 .  Hydroquinone Solu t ion ,  1.0 w/v per  cen t .  To prepare t h i s  so lu t ion ,  

3. Orthophenanthroline Solu t ion ,  0.25 w/v per  cen t .  To prepare t h i s  

4.  Standard I ron  Solu t ion ,  10 micrograms per  m l .  This so lu t ion  i s  
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111. SAMPLING 

The sample c o n s i s t s  of boron t r i f l u o r i d e  d isso lved  i n  a n i s o l e  (methoxy- 
benzene). Take a, po r t ion  of t h e  sa.mple and eva.pora.te it t o  dryness on t h e  
hot pla. te.  Destroy any organic matter tha.t may be present  by b o i l i n g  wi th  
5 ml of concentra-ted n i t r i c ,  2 m l  of 70-per cent  pe rch lo r i c ,  and 2 m l  of 
concentra.ted s u l f u r i c  a c i d .  B o i l  t h e  s o l u t i o n  u n t i l  white fumes of s u l f u r  
t r i o x i d e  a.ppea.r. 
volume. Shake it thoroughly, a.nd t ake  a.n a.ppropria.te a l i q u o t  f o r  a n a l y s i s .  

Cool and then d i l u t e  t h e  a.queous s o l u t i o n  t o  a. s p e c i f i c  

I V .  PROCEDURE 

1. Process a. t e s t  po r t ion  of t h e  sample, V ,  a s  ou t l i ned  i n  Sec t ion  111, 
Sampling, d i l u t i n g  t h e  water s o l u t i o n  t o  volume, V1. 
of t h e  a.queous s o l u t i o n  which i s  es t imated  t o  conta in  10 t o  60 micrograms 
of i ron ,  i n t o  a. 5 O - m l  bea.ker. 

adding 5 m l  of b u f f e r  s o l u t i o n ,  a d j u s t  t h e  pH t o  3.5 f 0.2 by t h e  add i t ion  
of 1 t o  1 NH40H. Measure t h e  pH with a. pH meter. 

P ipe t  an a l i q u o t ,  a.l, 

2 .  Di lu te  t h e  s o l u t i o n  t o  a.pproxima.tely 10 ml with  water. Then, a . f ter  

3. By means of a p i p e t ,  add 1 m l  of hydroquinone s o l u t i o n .  
4. Transfer  t h e  s o l u t i o n  t o  a 25-mi volumetr ic  f l a s k ;  then  add 2 ml 

of or thophenanthrol ine and d i l u t e  it t o  volume wi th  water.  Mix t h e  r eagen t s  
by shaking t h e  f l a s k .  

r e fe rence  s o l u t i o n  of t h e  reagents  a t  a wavelength of 515 mp with  a Beckmam, 
Model DU or B, spectrophotometer. Use absorp t ion  c e l l s  of 1 - c m  l i g h t  pakh. 

Determine t h e  ca l ib ra . t i on  f a c t o r  (F)  by p ipe t ing  1.0-, 2.0-, 3.0-, 
4 .0- ,  and 5.0-ml a l i q u o t s  of t h e  s tandard  i r o n  s o l u t i o n  i n t o  50-ml beakers  
and analyzing them by t h e  procedure ou t l ined  i n  S teps  1 through 5 .  For each 
of t h e  f i v e  t e s t  r e s u l t s ,  ca . lculate  t h e  c a l i b r a t i o n  f a c t o r  from t h e  fol lowing 
equation, 

5 .  After  30 minutes, measure t h e  a.bsorba.ncy of t h e  sample a g a i n s t  a 

6. 

Fe, micrograms per m l  i n  t h e  f i n a l  s o l u t i o n  
Ab s orbanc y Fi = 

Take t h e  average of t h e  f i v e  va lues  a s  t h e  c a l i b r a t i o n  f a c t o r ,  F. 

one s tandard  sample a s  a c o n t r o l  wi th  each s e r i e s  of sa.mples t e s t e d .  
7 .  A f t e r  t h e  c a l i b r a t i o n  f a c t o r  has been determined, analyze aft  least 
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. 
C a h u l a t i o n s  

Let A = absorbancy of t h e  f i n a l  so lu t ions ,  (Step 5 ) .  

F = ca l ibra . t ion  f a c t o r  (determined i n  S tep  6 ) .  - 

V = volume of t e s t  por t ion  of sample, ml and 

V1 = volume t o  which-the test  por t ion  was d i lu t ed ,  ml 

a1 = a l i q u o t ,  ml 

Vf = f i n a l  volume = 25 m l  

W = weight of test  por t ion  of sample, g ,  

z =  1 'f = d i l u t i o n  f a c t o r  
a.1 

Then I ron  i n  sa.mple, m g / d  
= A x Z x F  

v x 1000" OX' 

A x Z x F  
w x 10,000 I ron  i n  sample, per cent  = 
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COPPER, SODIUM DIETHYLDITHIQCARBAMATE, - SPECTROPHOTOMETRIC, - 
METHOD 

I.. PRINCIPU 

An aqueous s o l u t i o n  of sodium diethyldithioca.rbama.te, when a,dded t o  
a s o l u t i o n  of cupr ic  sa l t ,  produces a c o l l o i d a l  suspension or ,  i n  more 
conceptrated s o l u t i o n s ,  a. copper ca,rbama.te p rec ip i t a . t e  which i s  so lub le  
i n  organic so lven t s  such as amyl a.l’cohol and carbon t e t r a c h l o r i d e .  I n  
t h i s  method, carbon t e t r a c h l o r i d e  i s  used t o  e x t r a c t  t h e  copper carbamate 
which imparts a yellowish-brown co lo r  t o  t h e  s o l u t i o n .  The i n t e n s i t y  of 
t h e  co lor  i s  proportiona.1 t o  t h e  a.mount of copper p re sen t .  The copper is, 
the re fo re ,  determined by measuring the  absorbancy of t h e  carbon t e t r a -  
ch lor ide  s o l u t i o n  a.t a wavelength of 440 mp a.gainst a. reagent blank as 
re ference  s o l u t i o n .  

11. STATUS 

Titanium and t h e  r a r e  e a r t h s  do not form colored  compounds with 
diethy1dithiocarba.m.te . 
a c i d  or n e u t r a l  s o l u t i o n  b u t  it does not r e a c t  i n  ammonica.1 c i t r a t e  
s o l u t i o n  i f  t h e  pH i s  9 or above, provided t h e  amount i s  not t o o  l a r g e .  
The ch ie f  i n t e r f e r i n g  metals i n  t h e  determina.tion of copper a r e  n i c k e l ,  
coba l t ,  and bismuth. The in t e r f e rence  of n i c k e l  can be prevented by 
a.dding 1 m l  of 0.5  per  cent dimethylglyoxime and sepa ra t ing  t h e  n i c k e l  
p r e c i p i t a t e  by centr i fuga. t ion.  Cobalt imparts a n  orange color t o  t h e  
aqueous s o l u t i o n ,  but it i s  not e x t r a c t e d  by t h e  carbon t e t r a c h l o r i d e .  
Sma.11 amounts of pla.tinum do not i n t e r f e r e .  

I ron(  111) forms a. brown-black p r e c i p i t a t e  i n  

References 

1. C .  J .  Rodden, Ana.lytica.1 Chemistry of t h e  Ma.nha.ttan P r o j e c t ,  
pp. 408-409, McGra.w-Hill, New York, Edi t ion ,  1950. 

2 .  E .  B .  Sandel l ,  Colorimetric Determina.tion of Trace M e t a h ,  pp. 
304-309, I n t e r s c i e n c e ,  New York, Second Ed i t ion ,  1950. 

111. APPARATUS 

Spectrophotometer, Model DU or B,  wi th  absorp t ion  c e l l s  of 1-cm 
l i g h t  pa th .  
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I V .  REAGENTS 

1. Sodium Diethyldithiocarbama,te, 0.1 per  cent  so lu t ion .  Prepare 
by d isso lv ing  100 mg of sodium diethyldi thiocarbamate i n  water and 
d i l u t i n g  t h e  so lu t ion  t o  100 m l .  

2 .  Ammonium C i t r a t e  Solu t ion ,  approxima.te1y 10 w/v per  cent .  
f iepare  by d isso lv ing  25 63 of (m4)3C6H507 i n  water and d i l u t i n g  t h e  
so lu t ion  t o  250 m l .  F i l t e r  t he  so lu t ion  i f  it i s  not c l e a r .  

250 mg 
and evaporate u n t i l  SO3 fumes a.ppear. 
ml wi th  water.  

10 m l  of t h e  s tock so lu t ion  ( 0 - 5  mg Cu/ml) t o  one l i t e r  with wa.ter. 

50 m l  of concentrated a.mmonium hydroxide t o  100 m l  wi th  water.  

d i sso lv ing  100 m g  of thymol b lue  (thymolsulfonphthalein) i n  20 m l  of 
hot e thanol  and d i l u t i n g  t o  100 m l  with e thanol .  

Preserve the  so.lution i n  a brown b o t t l e .  . 

3 .  Copper Stock Solut ion,  0.5 mg Cu per m l .  
1 mg of copper metal  i n  15 m l  of 1 t o  1 HN03. 

Prepare by d i s so lv ing  
Add 10 ml of H2S04 

Cool and d i l u t e  t h e  so lu t ion  t o  500 

4. Copper Standard Solut ion,  5 microgra.ms per m l ,  Prepare by d i l u t i n g  

5 .  Ammonium Hydroxide, approximately 1 t o  1. Prepare by d i l u t i n g  

6. Thymol Blue Solu t ion ,  approximately 0 .1  per  cent .  Prepare by 

7 Carbon Tet rachlor ide ,  Reagent Grade 

V.  SAFETY 

Carbon t e t r a c h l o r i d e  va.pors a r e  known t o  be tox ic ;  t he re fo re ,  exposure 
t o  t h i s  reangent should be axoided by car ry ing  out t he  ex t r ac t ion  i n  a. wel l -  
v e n t i l a t e d  fume hood. 

V I  . SAMPLING 

The sample c o n s i s t s  of boron t r i f l u o r i d e  dissolved i n  an i so le  (methoxy- 
benzene). Take a. por t ion  of t h e  sample and eva.porate it t o  dryness on t h e  
hot  pla . te .  Destroy any organic  matter t h a t  may be present  by b o i l i n g  with 
5 ml of concentrated n i t r i c ,  2 ml of 70-per cent perchlor ic ,  and 2 m l  of 
concentrated s u l f u r i c  a c i d .  Bo i l  t he  so lu t ion  u n t i l  white fumes of s u l f u r  
t r i o x i d e  appear.  
volume. 

Cool and then d i l u t e  t he  aqueous so lu t ion  t o  a s p e c i f i c  
Shake it thoroughly, and take a n  appropr ia te  a l iquo t  f o r  a n a l y s i s .  

VI1 PROCEDURE 

A .  Preparat ion of Calibra.t ion Curve 

1. P ipe t  2-, 3- ,  5 -  and 10-ml por t ions  of t he  s tandard so lu t ion  

2 .  
containing 5 micrograms of copper per m19 i n t o  60-ml sepa.ra.tory funnels .  

15 m l  with  water .  
and process it i n  t h e  same manner a s  t h e  test  por t ions  ( f o r  use a s  reagent  
blank reference s o l u t i o n ) .  

Di lu te  t h e  so lu t ion  i n  each separa.tory funnel  t o  approximately 
Also, add 15 ml of water t o  a 60-ml separa tory  funnel  
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3 .  

4. 

Add 5 m l  of a.mmonium c i t r a t e  so lu t ion  and 3 drops of thymol 
b lue  indica.tor s o l u t i o n .  

Swir l '  t h e  so lu t ion  t o  mix the  ' reagents ;  then add 1 t o  1 
NH40H dropwise u n t i l  ' t h e  co lor  of - t h e  so lu t ion  changes from yellow t o .  
purp le .  

by swi r l ing  the  so lu t ion .  Then, l e t  t he  so lu t ion  s tand  for approximately 
two minutes. 

vigorously for one minute. 

t he  carbon t e t r a c h l o r i d e  (lower phase) i n t o  a. 25-ml volumetric f l a s k .  

sha.ke the  funnel  f o r  one minute. Allow the  phases t o  sepa.ra.te and a.dd 
the  orga.nic pha.se t o  t h e  organic e x t r a c t  withdra.wn i n  S tep  7.  

9. Repeaat S tep  8; then d i sca rd  the  a.queous pha.se. 

5. Add 1 m l  of sodium diethyldi thiocarbamate so lu t ion  and mix 

6.  Add 10 m l  of carbon t e t r a c h l o r i d e  and sha.ke the  funnel  

7. 

8. 

After t h e  wa.ter and organic phases have separated,  d ra in  

Add 5 m l  of carbon t e t r a c h l o r i d e  t o  t h e  a.queous phase amd 

10. 
t o  25 ml with  carbon t e t r a c h l o r i d e .  

11. 
measure the  absorbancy of t h e  s tandards aga.inst  t h e  reagent  blank re ference  
so lu t ion  a.t a wavelength of 440 w.  
ord ina te  versus  microgra.ms of copper per  m l  of t h e  f i n a l  so lu t ion  a,s 
abscissa.  on r e c t i l i n e a r  gra.ph pa.per. 

Di lu te  t h e  combined organic e x t r a c t s  from Step 7, 8, and 9 

By means of a Beckman (Model DU or B )  spectrophotometer, 

12. Prepare a. ca . l ib ra t ion  curve by p l o t t i n g  t h e  absorbancy as 

B .  Analysis of t he  Sa.mple 

1. Process a. test  por t ion  of t h e  sample, V ,  a s  ou t l i ned  i n  
Sec t ion  111, Sampling, d i l u t i n g  t h e  water so lu t ion  t o  volume, V1. Pipe t  
an a . l iquot ,  a.1, of t h e  a.queous s o l u t i o n  which i s  est imated t o  conta in  from 
10 t o  60 micrograms of copper, i n t o  a 60-ml separa tory  funnel  and fol low 
Steps 2 through 11 of Sec t ion  A of t h i s  Procedure. 

copper per  m l  of CC14 so lu t ion  t h a t  correspond t o  t h e  a,bsorbancy of the  
sample. 

2. From t h e  caLibrat ion curve, determine t h e  micrograms of 

. 
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Ca.lculat ions 

L e t  C = copper, micrograms per m l  i n  CCl ,  e x t r a c t  (from ca l ib rak ion  

V = test  po r t ion ,  ml 
graph) ' 

V1 = volume t o  which aqueous s o l u t i o n  of r e s idue  from t e s t  
po r t ion  w a s  d i lu t ed ,  m l  

a1 = a l i q u o t ,  m l  

Vf = f i n a l  volume of CC14 e x t r a c t ,  m l  

W = weight of test  por t ion ,  g 

Z = d i l u t i o n  f a c t o r  = v1 V f  
a.1 

c x z  
v x 1000 

Then, copper, m g  per ml = 

c x z  and, copper, per cent = io,ooo 

. 



DETERMINATION OF TOTAL FLUORIDE, TOTAL BORON AND PRODUCTS 

O F  HYDROLYSIS OF BF3 I N  AQFOUS SOLUTIONS 

c 

I. PRINCIPB 

I n  aqueous so lu t ions  which conta.in b o r i c  a c i d  and f l u o r i d e  ions a. 
complex equi l ibr ium e x i s t s  between the  following complex ac ids ,  HBF4, 
HBF3(0H), HBF2(0H)2, HBF(OH)3, and B ( O H ) 3 ,  and HF. 

fluobora.te ion i s  r e l a k i v e l y  sta.ble a.t room tempera.ture while t h e  hydroxy 
f luobor i c  ac ids  a.re r e a d i l y  hydrolyzable and, t he re fo re ,  cannot be d i s  - 
t inguished  from one another by a.na.lytica.1 methods. By f i rs t  hydrolyzing t h e  
hydroxy f luobor i c  a c i d  a.nd then  t h e  f luobor i c  a c i d  by r e a c t i n g  t h e i r  so lu t ions  
wi th  ca.lcium chlor ide  and t i t r a . t i n g  t h e  r e s u l t i n g  ac id ,  t h e  concentrat ion of 
HBF3 can be determined and the  molar concentra.tion of hydroxy f luobor i c  a c i d  
group can be ca.lcula.ted.> By ma.king t h e  assumption t h a t  no a c i d i c  cons t i t uen t s  
a.re p re sen t ,  o ther  tha.n those which r e s u l t  from t h e  i n t e r a c t i o n  of HF and 
B(OH)3 t h e  t o t a l  f l u o r i d e  concentra.tion cam a l s o  be  ca.lcula.ted. 
a.ddit ion of mannitol t o  the  hydrolyzed so lu t ions ,  t h e  uncomplexed b o r i c  a c i d  
cam be t i t r a . t e d .  

The e q u i l ' b  i a .  which 
e x i s t  i n  such so lu t ions  ha.ve been s tud ied  i n  de t a . i l  by Wa.mser td . The 

After  t he  

The method cam a l s o  be a.pplied t o  so lu t ions  of t h e  complex a c i d s  i n  
organic so lven t s  such a s  an i so le ,  by e x t r a c t i n g  the  ac ids  i n t o  an aqueous 
phase, i n  accordance with t h e  procedure ou t l ined  i n ,  "Boron, Spectrophoto- 
metr ic  Carminic Acid Method," Sect ion V I I I ,  Pa r t  B,  Steps 1 through 9, 
p .  .8 .  

The t i t r a t i o n s  which a r e  c a r r i e d  out and t h e  a. t tendant r eac t ions  a r e  
descr ibed below: 

1. An excess of ca.lcium chlor ide  i s  a.dded t o  a. t e s t  po r t ion  of t h e  
sa.mple and t h e  so lu t ion  i s  t i t r a . t e d  t o  a methyl r e d  end po in t .  The hydroxy 
f luobor ic  ac ids  a r e  completely hydrolyzed while t he  f luobor ic  a.cid i s  
t i t r a . t e d  a s  a. monobasic a c i d .  

HBF4 + Na.OH cf NaBF4 + H20 
2 HBF30H + 3 Ca.Cl2 + 6 Na.OH --f 3 Ca.F2 + 6 N a C l  + 2B(OH)3 + 2 H20 

HBF2(OH)2 + Ca.Cl2 + 2 NaOH * CaF2 + 2 N a C l  + B (OH)3 + H2O 

2 HBF(OH)3 + C a C 1 2  + 2 NaOH - 2 CaB2 + 2 NaC1 + 2 B ( O H ) 3  + 2 H20 

2 .  After  t he  a.ddition of am excess of.  mamnitol, t he  a.bove so lu t ion  i s  
t i t r a t e d  wi th  s tandard  sodium hydroxide t o  <he phenolphthaLein end p o i n t .  
bor ic  a c i d  i s  t i t r a . t e d  bu t  t he  f luobor ic  a c i d  does not  r e a c t .  

The 
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. 

3. A second test  po r t ion  Qf t h e  sample i s  t r e a t e d  wi th  an excess of 
calcium ch lo r ide  and then heated t o  completely hydrolyze t h e  f luobor i c  ac id .  
The s o l u t i o n  is  t i t ra ted t o  t h e  methyl red end po in t .  The r e a c t i o n  f o r  the 
complete hydro lys is  of t h e  HBF4 i s  a s  follows:'  I 

HBF4 + 2 Ca.Cl2 + 4 Na.OH * 4 N a C l  + 2 CaF2 + B(OH)3 + H20 

Since a.11 of t h e  f l u o r i d e  i s  p r e c i p i t a t e d  t o  liberate am equiva len t  quan t i ty  
of s t rong  ac id ,  t h i s  t i t r a . t i o n  corresponds t o  t h e  t o t a l  equiva len t  of 
f l u o r i d e  i n  t h e  test po r t ion .  

An excess of mannitol i s  added t o  t h e  above so lu t ion  and t h e  
so lu t ion  i s  t i t r a . t e d  wi th  s tandard  sodium hydroxide t o  t h e  phenolphthalein 
end p o i n t .  
po r t ion .  

11. REAGENTS 

4. 

This t i t r a t i o n  is  equivalent t o  t h e  t o t a l  boron i n  t h e  t e s t  

1. Standard Sodium Hydroxide Solu t ion ,  0.1 N .  
2.  
3. 

r ed  i n  100 m l  of e t h y l  a l coho l .  
4. 

anhydrous calcium ch lo r ide  i n  100 m l  of water.  
r ed  ind ica to r  so lu t ion  and n e u t r a l i z e  the s o l u t i o n  t o  t h e  , E t h y l  red end 
p o i n t .  

phenolphthalein i n  100 m l  of e t h y l  a lcohol .  

Standard Hydrochloric Aciq Solu t ion ,  0.1-E. 
Methyl Red Indica.tor,  0.1 per cen t .  

Calcium Chloride Solu t ion ,  20 per cent. Dissolve 20 g of 

Disszlve 0 .1  g of methyl 

Add 3 'drops  of t h e  methyl 

5. Phenolphtha.lein Indica.tor,  0.1 per cent Dissolve 0 .1  g of 

111. PROCEDURE 

1. 

2. Add 25 ml of t h e  calcium chlor ide  so lu t ion .  
3. 

4 .  
5 .  

6 .  

Transfer a t e s t  po r t ion  of t h e  sample ( V )  which contains from 
10 t o  30 mg of B, t o  a. 25O-ml Erlenmeyer f l a s k .  

Add 3 drops of methyl r e d  indica.tor and t i t r a k e  t o  a permanent 

Add approximately 3 g-of mannitol t o  t h e  s o l u t i o n .  
Add 5 drops of phenolphthalein ind ica to r  and t i t r a . t e  t o  a. 

Add approximately 0.5 g of mannitol and again t i t r a t e  t o  t h e  

methyl r ed  end po in t  wi th  0 . 1  N NaOH. Record t h e  volume of t i t r a n t  as Vl0 

phenolphthalein end p o i n t .  

phenolphthalein end p o i n t .  
u n t i l  the end po in t  does not fade wi th  the a.ddition of mannitol. Record 
t h e  volume of mannitol r equ i r ed  f o r  t h e  t i t r a t i o n  from the methyl r e d  t o  
t h e  phenolphthalein end poin t  as Vz. 

stoppered Erlenmeyer f l a s k .  

Repeat the a.ddition of mannitol and t i t r a t i o n  

7 .  

8. 
9 .  

Tramsfer a second tes t  po r t ion  of volume A t o  a 25O-ml g l a s s -  

Add 25 ml of the calcium chlor ide  so lu t ion .  
Add 3 drops of methyl r e d  indica.tor and t i t r a t e  t o  a. permanent 

methyl red end po in t .  
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10. Attach a r e f l u x  condenser t o  t h e  Erlenmeyer f l a s k  and heat  t h e  
so lu t ion  a t  r e f l u x  temperaatwe while t h e  methyl r e d  end poin t  is  main- 
t a ined  by the  add i t ion  of 0 .1  N NaOH so lu t ion .  Continue the  t i t r a t i o n  
u n t i l  t h e  end poin t  i s  s t a b l e  Tor a t  l e a s t  f ive minutes. 

it t o  the  methyl r e d  end poin t  by the  add i t ion  of 0 .1  N H C 1  or 0.1 N Na.OH. 

volume of 0 . 1  N H C 1  which was requi red  t o  regdjus t  t he  cooled s o l u t i o n  t o  
the  end p o i n t .  

so lu t ion  t o  a permanent phenolphthalein end poin t  with 0 .1  N NaOH a s  
descr ibed i n  Steps 5 and 6.  Record t h e  volume of 0.1 N NaOg which was 
requi red  t o  t i t r a . t e  t h e  so lu t ion  from t h e  methyl r e d  to the  phenolphthalein 
end poin t  a s  V 4 .  

11. 

12. 

Cool t h e  so lu t ion  t o  room temperature and, i f  necessary,  a d j u s t  

Correct t h e  t o t a l  t i t r a . t i o n  of 0 . 1  N NaOH by s u b t r a c t i n g  tEe 

Record t h e  volume of t h e  ne t  t i t r a t i o n  a s  V3. 
- 

13. Add mannitol and phenolphthalein ind ica to r  and t i t r a - t e  t h e  

Ca.lcu1a.t ions 

Let V = volume of tes t  por t ion ,  m l  

D = dens i ty  of sample, g/ml 

N = normality of sodium hydroxide 

V1, V p ,  V 3 ,  V4 = volume of sodium hydroxide f o r  t h e  four  t i t r a t i o n s  
i n  Steps 3 ,  6, 11, and 13, r e spec t ive ly ,  m l  

vi(v27v37v4) ' = base consumption i n  t h e  above 
V 

T3 - T 1  
3 

t it r a.t i on , meq /ml 
T1,  (T2T3T4) = 

Then HJ3F4, millimoles/ml = 

(T3 - T1) x 8.78 
3 x D  

HBF4, per  cent = 

* I 1  Fluoride a s  hydroxy f luobor i c  a c i d ,  meq/ml = 

"Fluoride as hydroxy f luobor i c  a c i d ,  meq/ml = 3T2, ' i f  

Tota.1 f l u o r i n e ,  meq/ml = T3 
T3 x 1 . 9  

D To ta l  f l u o r i n e ,  per cent = 

Tota.1 Boron, millimoles/ml = T4 

. 

T4 x 1.082 Tota.1 Boron, per cent  = . . D  
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* The t h r e e  hydroxy f luobor ic  ac ids  a r e  not d i s t inguishable  b y  a n a l y t i c a l  
methods and the re fo re  a r e  repor ted  as a group. 
i n d i v i  u 1 complex a c i d s  many be calcula.ted from the equi l ibr ium constants  of 

based on t h e  assumption t h a t  t h e  equi l ibr ium concentrat ion of uncomplexed 
f l u o r i d e  i s  neg l ig ib l e  i n  t h e  presence of excess b o r i c  a c i d  and tha.t  of 
B(OH)3 i s  neg l ig ib l e  when f luo r ide  ion is present  i n  l a rge  excess .  

The concentrs t ion of t he  

Wa.mser ha . The ca l cu la t ion  f o r  t h e  t o t a l  f luobor ic  a c i d  concentrantion i s  

(1) 
Water at 2f501', J .  Am. Chem. SOC.,  - 73, 409 (1951). 

Wa.mser, Chr i s t i an  A . ,  "Equi l ibr ia  i n  t h e  System Boron Tr i f luo r ide  - 


