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A method i s  described f o r  t he  determination of free a c i d  i n  
so lu t ions  of uranyl s u l f a t e  by means of the Sargent-Malmstadt Automatic 
d i f f e r e n t i a l  t i t r a t o r  whereby the i n f l e c t i o n  poin t  of a potentiometric 
curve is  automatically de tec ted  and used t o  t u r n  the bu re t  o f f .  This 
instrument has t h e  advantage over o ther  automatic t i t r a t o r s  i n  t h a t  it 
does not r equ i r e  graphica l  i n t e r p r e t a t i o n  of t h e  end porn€ or  a pre- 
s e t t i n g  of t h e  end poin t  p o t e n t i a l .  The in t e r f e rence  caused by t h e  
hydrolysis of uranyl ions  w a s  el iminated by complexing the uranium w i t h  
f l uo r ide .  The e l ec t rode  system of platinum-rhodium a l l o y  ind ica to r  and 
calomel reference e l ec t rodes ,  used with t h i s  instrument, o f f e red  an 
.advantage over a g l a s s  e l ec t rode  system when t i t r a t i n g  i n  a hydrofluoric 
a c i d  medium. The app l i ca t ion  of t h i s  instrument o f f e r s  a r a p i d  and 
p rec i se  method f o r  the determination of 0.1 t o  1.0 mi l l i equ iva len t s  of 
a c i d  i n  t h e  presence of 0 t o  200 mg of uranium i n  a f i n a l  volume of 50 m l .  
.The c o e f f i c i e n t  of v a r i a t i o n  of t h e  method i s  less than 2 per cent .  
When more than 200 mg of uranium i s  present ,  however, t h e  c o e f f i c i e n t  
of Variation i s  of the order of 5 per cent .  

-. 
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DETERMINATION OF FREE ACID I N  SOLUTIONS OF URANYL SULFATE 

Application of t h e  Sargent-Malmstadt Automatic D i f f e r e n t i a l  T i t r a to r  

0. Menis, D.  L. Manning, G.  Goldstein 

INTRODUCTION 

I n  t h e  cour6e of making analyses of so lu t ions  of uranyl  s u l f a t e ,  it 

w a s  necessary t o  develop a r ap id  and p rec i se  method for t h e  determination 

of t h e  free a c i d  i n  these so lu t ions .  Previous methods far t h e  determi- 

pat ion Qf free a c i d  i n  the presence of any hydrolyzable material have 

involved d i r e c t  measurements of t h e  pH and a cor rec t ion  for t he  concen- 

t r a t i o n  of t h e  hydrolyzed substances.  Methods of t i t r a t i n g  and subse- 

quently cor rec t ing  for t h e  hydrolyzed salt have a l s o  been reported! (3) 

These methods, however, r equ i r e  an accurate  knowledge of t h e  quan t i ty  of 

hyai-oIyzable material t h a t  is  present .  

I n  general ,  t h r e e  types of automatic t i t r a t o r s  may be u t i l i z e d  for 

t h e  potent iometr ic  acid-base t i t r a t i o n .  An instrument such as t h e  Dow I 

recordomatic t i t r a t o r ,  which records the  potent iometr ic  t i t r a t i o n  curve 

as a funct ion of t i t r a n t  volume, is  an example of'-one type.  The method 

t h a t  w a s  being used i n  t h i s  labora tory  p r i o r  t o  the devel'opment of t h e  

method t h a t  i s  repor ted  herein involved t i t r a t i o n  by means of t h e  Dow 

recordomatic t i t r a t o r .  The t i t r a t i o n  curve e x h i b i t s  two i n f l e c t i o n  

po in t s .  

neu t r a l i za t ion  of t h e  free ac id ,  whereas t h e  second, wh€ch occurs at a 

pH of approximately 9, i nd ica t e s  t he  completion of the  hydrolysis  of the 

The first, which occurs at  a pH of about 3 o T ,  represents  t h e  
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uranium. The determination of t h e  f irst  end poin t  from the t i t r a t i o n  

curve i s  genera l ly  d i f f i c u l t  s ince  t h e  f i rs t  poin t  of i n f l e c t i o n  is  

poorly defined due t o  the bu f fe r ing  ac t ion  of t h e  e a s i l y  hydrolyzable 

uranyl  ions.  Therefore, t he  e r r o r  i n  e s t a b l i s h i n g  the equiiralence poin t  

of f r e e  a c i d  t i t r a t i o n  is  r e l a t i v e l y  l a rge .  

I n  a. second type of t i t r a t o r ,  the equivalence po in t  p o t e n t i a l  i s  

automatica.lly an t i c ipa t ed ,  and t h e  flow of t i t r a n t  i s  terminated when 

t h i s  poin t  i s  reached . ( l ,5 )  The use of t h i s  instrument r equ i r e s  t h a t  an 

accura te  knowledge of t h e  p o t e n t i a l  at t h e  end poin t  be known and t h a t  

a. p r e s e t t i n g  of t h e  instrument t o  t h i s  p o t e n t i a l  be made p r i o r  t o  t h e  

t i t r a t i o n .  The u t i l i z a t i o n  o f ' t h i s  type of t i t r a t o r  t o  t h e  determi- 

nation of f r e e  a c i d  i n  so lu t ions  of uranyl s u l f a t e  would be d i f f i c u l t  

s ince  t h e  potentia.1 a.t t h e  end poin t  would vary depending upon the 

amount of uranium p resen t .  

The t h i r d  type of automatic t i t r a t o r  is  t h e  Sargent-Malmsta.dt auto- 

matic d i f f e r e n t i a l  t i t r a t o r .  W i t h  t h i s  instrument, the i n f l e c t i o n  poin t  

of t he  potentiometric t i t r a t i o n  curve i s  determined au tomat ica l ly  and 

t h e  bu re t  i s  turned  o f f  when t h i s  po in t  i s  reached. This is  accomplished 

by producing a vol tage  which i s  propor t iona l  t o  the second de r iva t ive  of 

t h e  potentiometric t i t r a t i o n s  curve; then t h i s  vo l t ' age ' i s  u t i l i z e d  t o  

t r i g g e r  a r e l a y  system which automatically s tops  the flow of t i t r a n t  at 

t h i s  i n f l e c t i o n  po in t .  Severa l  advantages have been repor ted  which 

cha rac t e r i ze  t h i s  instrument; namely, t h e  equipment i s  s i h p l e ,  compact, 

and inexpensive; no p r e s e t t i n g  of t h e  end poin t  p o t e n t i a l  i s  necessary; 

various types  of re ference  and ind ica to r  e l ec t rodes  can be 



-3 - 

c 

used even though the i r  absolu te  p o t e n t i a l s  s h i f t  from one t i t r a t i o n  t o  

t h e  next; and no instrument adjustments are requi red .  ( 6 , W  

I n  view of t hese  seemingly inherent advantages, and e s p e c i a l l y  s ince  

it would e l imina te  t h e  need f o r  estimation of t h e  inn-ec‘tion poin t  by 

graphica l  measurements, t h i s  instrument was u t i l i z e d  as-a means of 

determining the  f r e e  a c i d  content of so lu t ions  of urEtnyl s u l f a t e .  

Preliminary tests on the app l i ca t ion  of t h e  d i f f e r e n t i a l  t i t r a k o r  

t o  t h i s  problem revealed t h a t  t h e  first end po in t ,  on neut ra l izak ion  of 

t h e  f r e e  ac id ,  was not de tec ted  by means of t h e  instrument; ins tead ,  

t h e  t i t r a t i o n  w a s  terminated’automatically at  t h e  second end po in t ,  

which occured after the complete hydrolysis of t h e  uranium. Apparently, 

t he  magnitude of the voltage change a t  t h e  first poin t  of i n f l e c t i o n  was 

not s u f f i c i e n t ,  due t o  t h e  bu f fe r ing  ac t ion  of t he  i n i t i a l  hydrolysis of 

uranyl  ions,  t o  a c t i v a t e  t h e  r e l a y  system which is used t o  terminate t h e  

flow of t i t r a n t .  

I n  order t o  prevent t h e  hydrolysis of the  uranium, sodium f l u o r i d e  

w a s  added t o  t h e  so lu t ion  t o  complex the uranyl ion .  Sodium f l u o r i d e  has 

previously been u t i l i z e d  as a complexing agent i n  t h e  determination of 

free acids i n  the presence of hydrolyzable salts. ( 2 9 8 )  The’ s t u d i e s  

c a r r i e d  out i n  t h e  development of t h e  new procedure were concerned w i t h  

the  optimum amount of sodium f l u o r i d e  t o  use and the amount of uranium 

t h a t  can be t o l e r a t e d .  F ina l ly ,  t h e  p rec i s ion  of t h e  method was 

evaluated. 
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REAGENTS r” 

1. Sodium Hydroxide, 0 .1  N .  Dissolve 4 g of reagent grade sodium 

hydroxide i n  1 l i t e r  of d i s t i l l e d ,  carbonate-free water 

- 
I 

2 .  Sul fu r i c  Acid, 0.1 N .  Di lu te  2.8 ml of concentra,ted, rea-gent - - 
grade s u l f u r i c  a c i d  t o  1 l i t e r  with water. Standardize t h e  so lu t ion  of 

s u l f u r i c  a c i d  by t i t r a t i n g  a 

carbonate with the a t i d .  (9) 

3’. Sodium Fluoride,  15 

reagent grade NaF i n  1 l i t e r  

so lu t ion  of primary s tandard sodium 

mg of f l u o r i d e  per ml., Dissolve 32 grams of 
I 

of water. 

4. Uranyl S u l f a t e ,  10 mg of uranium per ml. Prepare by d i l u t i n g  

5 ml of a s tock  so lu t ion  of uranyl  s u l f a t e  tha t  contains  300 m g  of uranium 

per  ml t o  250 ml w i t h  water. 

a 5 - m l  a l i quo t  t o  dryness and i g n i t i n g  the res idue  t o  the  oxide.  

I . 
Standar‘dize grav imet r ica l ly  by evaporating 

APPARATUS 

1. Sargent-Malmstadt automatic t i t r a t o r ,  w i t h  stirrer, platinum-10 1 

per  cent rhodium, and saturated calomel e lec t rodes ;  ava i l ab le  from E .  H. 

Sargent and Co., Chicago, I l l i n o i s .  

- 

PROCEDURE 

Standardizat ion of the Sodium Hydroxide. Transfer 10 ml of the 

Standarqized so lu t ion  of 0.1 N - sulf’uric a c i d  t o  a 100-ml beaker.  

10 ml of the so lu t ion  of sodium f luo r ide ;  then d i l u t e  the sample t o  40 

Add 
I 

.I j 

m l  with water: Titrate t h e  so lu t ion  with t h e  sodium hydroxide t i t r a n t  
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t o  t he  automatic cut-off point of t h e  d i f f e r e n t i a l  t i t r a t o r .  

flow rate from t h e  buret  t o  6 t o  8 ml per minute.. 

Adjust t h e  

i 
T i t r a t i o n  of the  Free Acid i n  Solut ions of Uranyl Su l f a t e .  Transfer 

an a l iquant  of t he  so lu t ion  of uranyl s u l f a t e  t h a t  contains not more than 

200 mg of uranium t o  a 100-ml beaker. 

sod'ium f luor ide ;  then d i l u t e  t he  sample t o  40 ml with water. 

rate of flow of the  t i t r a n t  t o  6 t o  8 m l  per minute; t h e n - t i t r a t e  t he  

Add 10 m l  of t he  so lu t ion  of 

Adjust t he  

sample, by means of t he  automatic t i t r a t o r ,  w i t h  a standardiged so lu t ion  

of 0.1 N sodium hydroxide e - 

EXPERIMENTAL 

The Effec t  of Sodium Fluoride and Other Complexing Agents on the  

I 

. *: 

Poten t i a l  Change at the  Su l fu r i c  Acid End Point i n  the  Presence of Uranium, 

I n  order t o  i l l u s t r a t e  t he  e f f e c t  of sodium f luo r ide  on the magnitude of 

t h e  p o t e n t i a l  change at  the  end point of t h e  t i t r a t i o n *  of- f r e e  ac id ,  

ToIutions t h a t  c o n t a h e d  s u l f u r i c  ac id  i n  the  presence of uranium were 

T i t r a t e 4  with standard sodium hydroxide by means of t he  Dow t i t r a t o r ,  

equipped with saturated calomel and g lass  e lec t rodes  The recorded 

t i t r a t i o n  curves .of pH versus volume of t i t r a n t  are presented i n  Figure I. 

I 

a"* 

It w a s  found that the  p o t e n t i a l  change at t h e  end point i n  the  ti- 

t r a t i o n  of the so lu t ions  tha t  contain sodium f luo r ide  is Tncreased ap- 

proximakely f ive- fo ld  over t h e  p o t e n t i a l  change which occc;Us when 

f1uori.de is  not present .  The uranium t h a t  is  present  i n  the  so lu t ion  i s  

compTexed by the  f luor ide .  Preliminary tests indica tea  that t h i s  po- 

t e n t i a l  change i s  s u f f i c i e n t  t o  operate the  cut-off  mechanism of the.  
-I- 

automatic,' d i f f e r e n t i a l  t i t r a t o r  ., 
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An examination of other  known complexing agents  f o r  uranium w a s  . 

undertaken t o  determine whether any was b e t t e r  t h a n  sodiuni f luo r ide ,  

s ince  t h e  use 'of sodium f luo r ide  t o  complex uranium has c e r t a i n  d i s -  

advantages For exa.mple, it i s ,  necessary t o  s tandardize the  sodium 

hydroxide t i t r a n t  i n  the  presence of sodium f luo r ide  when t h e  a.utoma.tic 

d i f f e r e n t i a l  t i t r a . t o r  i s  used, and t h e  prec is ion  of t he  method decreases 

somewhat i n  t h e  presence of l a rge  amounts of uranium. 

The a p p l i c a b i l i t y  of some other  complexing agents f o r  uranium was 

t e s t e d  by t i t r a k i n g  so lu t ions  t h a t  contained 100 mg of uranium and 0.2 

mi l l iequiva len ts  of s u l f u r i c  ac id  i n  t h e  presence of one,gram of one of 

the  following compounds : sodium thiocya.na.te, ammonium thiocyana.te, sodium 

ta . r t ra . te ,  sodium oxa.la.te, and ammonium f luo r ide .  The -solut ions were 

t i t r a . t e d  with sodium hydroxide by means of the  Dow Precis ion t i t r a . t o r .  

Examina.tion of t h e  t i t r a t i o n  curves showed t h a t  none of t h e  compounds 

w a s  a s  e f f e c t i v e  a s  sodium f luo r ide  i n  complexing uramium. The magni- 

tude of t h e  p o t e n t i a l  change a t  the end point  w a s  incre'ased somewhat b y  

sodium thiocyana.te, bu t  not a s  much as by sodium f luo r ide .  The other  

complexing agents  were without e f f e c t .  

The Effec t  of Sodium Fluoride on t h e  T i t r a t i o n  of SuIfur ic  Acid. 
~ 

Tests  were conducted t o  a sce r t a in  the  a p p l i c a b i l i t y  of t he  Sargent- 

Malmsta.dt d i f f e r e n t i a l  t i t r a t o r  t o  the  determination of s u l f u r i c  ac id  

i n  t h e  presence of sodium f luo r ide .  The cut-off  point  of - - the  t i t r a t i o n  

was e s t ab l i shed  by t i t r a t i n g  so lu t ions  of s u l f u r i c  a c i d  with sodium 

hydroxide, i n  t h e  presence and absence of f luo r ide  ions,  both,  manually, 

. 
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-with a pH m e t e r ,  and, automatically,  w i t h  the d i f f e r e n t i a l  t i t r a t o r .  The 

r e s u l t s  are presented i n  Figure 11. These r e s u l t s  i nd ica t e  t h a t ,  i n  the 

t i t r a t i o n  of s u l f u r i c  a c i d  i n  t h e  absence of f luo r ide ,  t h e  volume of 

t i t r a n t  t h a t  i s  consumed t o  the  cut-off po in t  of the automatic t i t r a t o r  

e s s e n t i a l l y  coincides with t h e  s to ich iometr ic  end poin t .  On t h e  o ther  

hand, when t h e  t i t r a t i o n  was performed i n  t h e  presence of f l u o r i d e ,  t h e  

flow of t i t r a n t  w a s  automatically termina.ted before t h e  s to ich iometr ic  

end po in t .  A s  shown on t h e  neutraLization curve i n  Figure 11, t h e  flow 

of t i t r a n t  i s  terminated on t h e  lower por t ion  of t h e  curve, where ApH 
A T  

increased gradually.  I n  t h i s  case l e s s  t i t ra .n t  was -.added than requi red  

f o r  t h e  s to ich iometr ic  r eac t ion .  

' The discrepancy between the cut-off po in t s  of the d i f f e r e n t i a l  

t i t r a t o r ,  i n  the presence and absence of f l u o r i d e ,  can  b e - a t t r i b u t e d  t o  

the  response of t h e  instrument when t i t r a t i n g  a weak or s t rong  ac id .  The 

automatic termination of t h e  t i t r a t i o n  i s  ac tua ted  by a. r a p i d  change i n  

t h e  pH of t h e  system. I n  the case of a. s t rong  ac id ,  such -as  s u l f u r i c ,  t h e  

change of pH w i t h  volume of t i t r a n t ,  A S ,  does not exh ib i t  a sharp r i s e  

u n t i l  t h e  equivalence poin t  i s  reached. With a. weak ac id ,  the  i n i t i a l  
b v  

rise . in pH before the  equivalence poin t  and the subsequent change i n  APH - 
i s  s u f f i c i e n t  t o  ac tua t e  t h e  cut-off mechanism of t h e  instrument prema- 

t u r e l y .  This s i t u a t i o n  i s  ana.lagous t o  the t i t r a t i o n  e r r o r  when an 

ind ica to r  such as methyl r ed  (pK value 4-5) i s  used f o r  a similar a c i d .  

On t h e  b a s i s  of t hese  tests,  i n  order t o  co r rec t  f o r  t h e  end poin t  

av 

e r r o r  without modifying t h e  instrument, it i s  recommended that  t h e  sodium 

hydroxide t i t r a n t  be standardized by t i t r a t i n g  a so lu t ion  of 



s u l f u r i c  a c i d  which contains  a f ixed  quant i ty  of f luo r ide  ion .  

found experimentally tha.t ,  i n  the presence of from 100 t o  200 mg of 

It w a s  

f l uo r ide ,  t he  est imat ion of t h e  end poin t  d id  not vary.  

The T i t r a t i o n  of Su l fu r i c  Acid i n  the  Presence of Sodium Fluoride 

and Varying Amounts of Uranium. 

w a s  s tud ied  by t i t r a t i n g  so lu t ions  tha.t contained a known amount of 

The e f f e c t  of t h e  uranium concentration 

s u l f u r i c  a c i d  and sodium f luo r ide  and varying amounts of uranium. The 

r e s u l t s  a r e  presented i n  T a b l e  I .  

Table I 

T i t r a t i o n  of Sul fur ic  Acid i n  Solut ions of Uranyl Su l f a t e  

by Means of t he  Sargent -Ma.lmstadt T i t r a t o r  

Conditions 

Electrodes,  Pt-10 per cent 'Rh vs .  s a tu ra t ed  calomel 
Volume, m l  40 

0.1072 T i t r a n t ,  sodium hydroxide, N 
Rate of flow of t i t r a n t ,  m l p e r  minute, approximately 6 
Fluoride,  mg 1.50 

Su l fu r i c  Acid, Coeff ic ient  
Determinak ions Mi l l iequiva len ts  of Va.r i a t  ion Uranium 

mg N Added Found, Average Per Cent 

50 

100 

200 

500 

8 

8 

6 
6 
8 
6 

6 
6 

0.423 0.421 

0.423 0.424 

0.104 0.106 
0.208 0.206 
0.423 0.420 
1.036 1.041 

0.126 0 - 099 
0.518 0 * 507 

1.5 

1.7 

1.0 
1.2 
1.7 
0.8 

.c 
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A q u a n t i t a t i v e  t i t r a . t i o n  of the free a c i d  w a s  r e a l i z e d  i n  a l l  of the 

t e s t s .  The c o e f f i c i e n t  of v a r i a t i o n  w a s  about 2 per cent i n  the  presence 

of up t o  200 mg of uranium. 

t h e  method was less p rec i se ;  t he re fo re ,  f o r  maximum prec is ion ,  i t  i s  

recommended t h a t  t h e  uranium be l imi t ed  t o  about 200 mge 

I n  t h e  presence of 500 mg of uranium, however, 

DISCUSSION 

The addi t ion  of 150 mg of f l u o r i d e  t o  t h e  so lu t ion  w a s  s u f f i c i e n t  t o  

complex a s  much as 500 mg of uranium(7) and,  a.t t h e  same time, t o  convert 

as much as one mi l l iequiva len t  of s u l f u r i c  acid t o  hydrofluoric ac id  by 

meta.thesis. A small excess of f l u o r i d e  i s  des i r ab le  i n  order t o  insure  

t h a t  g.11 of the f r e e  a c i d  i s  present a s  HF s ince  the sodium hydroxide 

t i t r a n t  was standardized under the same condi t ions .  

It should be pointed out t h a t  t h e  p o s s i b i l i t y  of a.ttack on t.he g l a s s -  

ware by t h e  HF i s  notab le .  I n  d i l u t e  so lu t ions  which contained as much 

a s  one mi l l iequiva len t  of a.cid i n  a volume of 40 m l ,  however, t h i s  r eac t ion  

w a s  not observed. I n  concentrated so lu t ions ,  it would be necessary  t o  

take precaut ions .  The use of the  Sargent -Malmsta.dt d i f f e r e n t i a l  t i t r a t o r ,  

under these  conditions,  i s  p a r t i c u l a r l y  advantageous. Since, w i t h  t h i s  

instrument, a platinum or a platinum-10 per cent rhodium e lec t rode  can be 

used as a pH ind ica t ing  e l ec t rode ,  it can be appl ied  t o  the determination 

of the free a c i d  content i n  so lu t ions  which a t t a c k  the conventional, g l a s s ,  

. 
pH-indicating e l ec t rode .  The use of polyethylene beakers i s  recommended 

where l a r g e  amounts of free a c i d  are t i t r a . t e d  i n  t h e  presence of f l u o r i d e .  



UNCLASSIFIED -10 - 

ACKNOWLEDGEMENT 

The authors  acknowledge t h e  a s s i s t ance  of Miss M. A .  Marler i n  the  

e d i t i n g  of t h i s  r epor t .  

REFERENCES 

1. Beckman Instruments, Inc . , Pa.sa.dena, Cal i f .  (1951). B u l l e t i n  239A. 

2 .  Eder, T . ,  "Determina.tion of Free Acid i n  A12(S04)311, Z .  Anal. 

Chem. - 11.9, 399 (1950) 

3. Jensonsky, L. ,  "Automatic Different iaL Potentiometric 

T i t r a t ions" ,  Chem. L i s t y .  - 47, 334-339 (1953). 

4 .  Jones, M .  E . ,  Rider,  B. F. ,  and Hendrickson, H. C . ,  "The Determi- 

na t ion  of Free Acid i n  Solut ions of Aluminum, Thorium, and Uranyl 

Nitra. tesW, Atomic Energy Commission, Report KAPL-1497 (1956). 

5 .  Lingane, J .  J.,  E lec t ro  Ana.lytica.1 Chemistry, New York, I n t e r -  

science Publ ishers  (1953). 

6. Malmsta.dt, H.  V . ,  and F e t t ,  E .  R . ,  "Automatic D i f f e r e n t i a l  

Potentiometric T i t r a t ions" ,  Anal. Chem. 27, 1757 (1955). - 
7. McKa.y, H .  A .  C . ,  "The Formt ion  of Fluoride Complexes," AERE 

c / r  884, Minis t ry  of Supply, Harwell, Berks (1952) Unclassif ied.  

8 .  Pepkowitz, L .  P . , 'Sabol ,  W .  W . ,  and Dutina, D. ,  "Determination 

of Free Acid i n  t h e  Presence of Hydro1yza;ble Ions", Anal. Chem.  24, 1956 - 
(1952 1 . 

9. Rieman, W . ,  Neuss, J .  D.,  and Naiman, B .  N . ,  Quamti ta t ive Analysis,  

McGra.w H i l l ,  New York (1942), p .  135. 

,A 

'I 

UNCLASSIFIED 



UNCLASSIFIED -11- 

10. Sargeant and Co., Instruct ion Manual, Sargeant-Malmstadt 

Automatic T i t r a to r ,  Catalog No. s-29690. 
d 

. 1 . . . .  , .  ... . . . . . . . . .  - 
........ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  ._ - . . . . . .  - . 

. .  . .  ,-. I , 

UNCLASSIFIED 



-12- ' 

IO 

I 

UNCLASSIFIED 
OR N L- LR-DW G . 1 61 04 

9- CONDITIONS : 

0 -  Uranium,mg 100 

7- NaOH,! 0.2 

6 -  A 

H2S0, s meg. 1 0.2 

Volume m l  40 

A. 1 5 0 m g  FLUORIDE PRESENT. 
B. FLUORIDE ABSENT. 

.. 

FIGURE 1 .  The Effect of Sodium Fluoride on the Magnitude 
o f  the Potential Change at the Free Acid End 

Point. 
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0 I I I 
0 3 8 13 

NaOH,ml 
A. H,SO,,, msg, ,  I . O .  
B. After adding 150 mg 

fluoride as NaF. 
Sodium Hydroxide, 0.1 - N. 

FIGURE 2 .  The T I t r a t I o n  of  Sulturic Acid in  the presence o t  Sodium 
F luor ide .  


