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RBSTRclC T 

The rapid mic ro t i t r a t ion  of  s u l f a t e  with standard barium 

perchlorate solut ions by use of 1-( o-arsonophenylazo)-2-naphthol-3, 

6-disulfonic acid,  ca l l ed  Thoron, a s  an adsorption ind ica tor  was  

adapted f o r  automatic photometric t i t r a t i o n ,  

c e l l  asserilbly was devised t h a t  incor2orates an interference f i l t e r  

and a phototube. 

the t i t r a t o r  and is recorded, 

the recorded p l o t  of  voltage versus volurrie of t i t r a n t  added t o  

the t e s t  so lu t ion ,  The ORNL model Q-945 automatic t i t r a t o r  i s  

used. 

t i t r a t e d ,  

A simple t i t r a t i o n -  

Voltage from the  phototube is  used t o  actuate  

The end point  i s  determined from 

Quan t i t i e s  of s u l f a t e  i n  t h e  range 0-048 t o  17 mg were 



INTRODUCTION 

The technique of a manual t i t r a t i o n  of s' Lfate ion  r i t h  barium perchlorat  

so lu t ion  by the use of l-(o-arsonophenylazo)-2-naphthol-3,6-disulfonic ac id ,  

ca l led  Thoron, as an adsorption ind ica tor  has been described by F r i t z  and 

Yarnarnura . 
yellow through yellow-orange t o  pink i s  d i f f i c u l t  f o r  some persons 

observe. 

of v i sua l  d i s p a r i t i e s .  

of t h e  r e s u l t s  tends t o  decrease a s  the ana lys t ' s  

In  addi t ion t o  these considerations,  it i s  desired t o  perform the t i t r a t i o n  

re,,,otely within "hot c e l l "  f a c i l i t i e s .  

w i t h  windows t h a t  a r e  f i l l e d  with'yellow zinc bromide so lu t ion ,  

of these windows would p roh ib i t  the following of a t i t r a t i o n  t h a t  depends 

upon the use of a yellow indica tor  f o r  de tec t ion  of the  end point .  

metric procedure has been devised t o  overcome these d i f f i c u l t i e s .  

The color  change of t he  Thoron ind ica tor  a t  the end poin t  from 

t o  

Each ana lys t  is  obliged t o  standardize h i s  own solut ions because 

If m n y  successive t i t r a t i o n s  a r e  done, the precis ion 

eyes become fatigued. 

Nany of these c e l l s  are equipped 

The co lor  

A photo- 

The work of Muller i i  and Partridge(5' and of subsequent authors ( 2 9 3 , 6 )  has 

! 

demonstrated the  f e a s i b i l i t y  of photoinetric t i t r a t i o n s  ., 

l i g h t  i s  passed through a transparent absorption c e l l  t h a t  contains a t e s t  

solut ion.  

sorbed by the  solut ion.  

and i f  the absorbancy of the so lu t ion  i n  the c e l l  i s  recorded as a funct ion 

of the voltage developed by the photocell, t i t r a t i o n  curves can be p lo t ted .  

A beam of monochromatic 

A photoelectr ic  c e l l  is  used t o  ind ica te  the amount of l i g h t  ab- 

If a su i t ab le  t i t r a n t  so lu t ion  i s  added i n  increments 

Ei ther  conductometric o r  potentiometric type t i t r a t i o n  curves may be 

obtained i n  a photometric t i t r a t i o n ,  If the  phototube i s  sens i t i ve  t o  the 

color  of the i o n  being t i t r a t e d  i n  the t e s t  so lu t ion  o r  t o  the  color  of an 
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i on  i n  the t i t r a n t  solut ion,  a conductometric type curve is obtained. 

type curve has a l l  the inherent advantages of  the conductometric curve. 

T h i s  

The 

region about t h e  end point is not  s ign i f i can t  s ince the end point  can be 

located exact ly  by extrapolat ion of the two branches of the curve. 

c i s ion  of the -#otorixtric t i t r a t i o n  i s  b e t t e r  than t h a t  obtained by simple 

The pre- 

colorimetric measurement because the posi t ions of two branches o f  t,he curve 

a r e  detemined from the  averages of a nunber of' c o l o r i m t r i c  m%surements. 

If the ?hototube i s  sens i t i ve  only t o  the color  o f  an indicator  so lu t ion  

t h a t  has  been added i n  very slriall quant i t ies  t o  the t e s t  solut ion,  a curve 

i s  obtained t h a t  i s  very si i , i i lar  t o  a potentiometric t i t r a t i o n  curve. An 

abrupt s h i f t  i n  the potent ia l  developed by the photocell  r e s u l t s  from the  

sudden change i n  absorbancy of the t e s t  so lu t ion  caused by the s p e c t r a l  

s h i f t  of the ind ica tor ,  The point  a t  which the rnaxiriium s h i f t  i n  po ten t i a l  
--- - - c^___I---_ . . I - -  

occurs i s  taken a s  the end point ;  thus the region 01 the curve about the 

end point i s  highly s ign i f i can t ,  The end point  cannot be located by ex- 

t rapola t ion  of the arms of the  curve. 

The curve t h a t  i s  obtained i n  performing a p rec ip i t a t ion  t i t r a t i o n  

with the use of an adsorption ind ica tor  i s  of the  potentiometric type. A 

remarkable s i m i l a r i t y  can be seen between the adsorption curve shown i n  

Fig.  1 and the curve obtained i n  the t i t r a t i o n  of s u l f a t e  with bariurn 

perchlorate by the use of Thoron as an ind ica tor  (see Apx. II), 

i s  taken from I. N .  Kolthoff Is a r t i c l e  ltkdsorption Indicators" i n  Cherriical 

Reviews, - 16, 87 (1935) 

Figure 1 
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Fig. 1. Adsorption of Methyl Violet  by S i l v e r  Chloride 

Kolthoff 's  a r t i c l e t 4 )  gives a b r i e f  but complete discussion of the  use 

of adsorption ind ica tors  and of t he  mechanism involved i n  the adsorption 

of dyes on t h e  surfaces  of c r y s t a l l i n e  p rec ip i t a t e s .  
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SUPWRY 

It is  expected t h a t  the HRT w i l l  provide a la rge  number of samples 

i n  which s u l f a t e  is  t o  be determined, The t i t r i m e t r i c  method of F r i t z  

and Yarrnnura(l) would be adequate except f o r  the d i f f i c u l t i e s  of per- 

fomance of the t i t r a t i o n  remotely and of an expected large variance 

between operators.  The automatic ;?hotometric t i t r a t i o n  proposed i n  t h i s  

repor t  eliminates the e r ro r  caused by variance along operators and pro- 

vides a rrieans f o r  conducting the t i t r a t i o n  remotelyc 

Advantage has been taken of ex is t ing  equipment by designing a t i t ra-  

t i o n  c e l l  assembly t h a t  cons is t s  of a l i g h t  f i l t e r ,  absorption c e l l ,  

photocell ,  and load r e s i s t o r ,  This c e l l  assernbly i s  used i n  conjunction 

w i t h  the ORNL model Q-945 automatic t i t r a t o r .  ( 7 )  

Amounts of s u l f a t e  i n  the range 0.048 t o  17 mg have been t i t r a t e d  

with good precis ion (see Tables 1 and 2 and the discussion following 

them). 
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DISCUSSION 

The reagents for t he  t i t r a t i o n  are prepared according t o  t he  direc-  

t ions  given by F r i t z  and Yamamura. The interferences and r e q u i s i t e  

conditions o f  the  t i t r a t i o n  a re  also s t a t e d  by these authors.  

The ORhL model (2-945 automatic t i t r a t o r  has  been described previously. (7)  

The t i t r a t i o n  c e l l  assembly cons is t s  of a box type rad io  chass i s ,  Bud CU 

3006, t h a t  is  5 x 3 x 2 inches.  ‘ i ’ l - , ~  top has a 1- in .  wide s l o t  across the 

ccinter. The l i g h t  source i s  a General a l e c t r i c  f l a s h l i g h t  bulb, type Pi3 6, 

t h a t  i s  connected t o  an ex terna l  a-c power sugply through a iriicro switch,  

The micro switch i s  actuated by the clcsinp; of a l i d  across the 1-in.  s l o t .  

The a-c power source cons is t s  o f  a Sola voltage-regulating transformer and 

L f i l a r l en t  trarisformr t h a t  reduces the voltage t o  3 v, 

connected across the  3-v leads from the fi lament transformer i n  order t o  

A potentiometer is  
U 

reduce f u r t h e r  the voltage a&mlied t o  the f l ssh l ig l i t  bulb. 

f i l t e r ,  avail‘3ble frm the I’hotovolt Gorp,, transll i i ts  a band OS l i g h t ,  

approximately 10 l,ip v i d e ;  Sir, t h e  s p e c t r a l  region of 5’15 mu.  A f la t - s ided ,  

y r e x  absorption c e l l ,  approximately 2 x 7/8 x 1 5’/8 in.,’which can be in- 

se r ted  or reriloved f r e e l y  through the s l o t  i n  the top of the  chassis ,  is  

fin interference 
k r 

- . .  

located next t o  the  l i g h t  f i l t e r ,  An RCA 5652 phototube i s  placed imme- 

d i a t e l y  i n  back of‘ t h e  absorption c e l l  s o  t h a t  l i g h t  s t r i k e s  the photo- 

sens i t ive  surface of the phototube. 

by two 22.5-v b a t t e r i e s  (Eveready type 505-E) connected i n  s e r i e s .  

Voltage f o r  the phototube is  supplied 

A 

1-meg potentiometer serves as a load r e s i s t o r  f o r  the phototube. Voltage 

developed across  the load r e s i s t o r  i s  fed d i r e c t l y  t o  the automatic t i t r a t o r  

by t h e  leads t h a t  a r e  normally connected t o  the  electrodes,  
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The so lu t ion  i n  the  absorption c e l l  i s  s t i r r e d  by means of a glass-  

covered i r o n  bar ,  ap2roximately 1 / 2  i n .  length x l/8 i n .  diameter. 

e n t i r e  chass i s  i s  placed on top  of the  magnetic stirrer, 

The 

Since the chass i s  

i s  made of aluminum, the  operation of the stirrer i s  not hindered by the  

chass i s  e 

The bure t  used i n  the  t i t r a t i o n s  is a syringe type buret ,  ca l ib ra t ed  

t o  de l ive r  3.000 m l  of t i t r a n t  per inch of t r a v e l  o f  the syringe plunger. 

The bu re t  i s  manufactured by the  Nicro-hetric Instrument Go,  of Cleveland, 

Ohio. The screw d r ive  of the bu re t  i s  coupled mechanically t o  the ORNL 

model S;-945 automatic t i t r a t o r  by an  ex tens ib le  sha f t .  

The procedure f o r  t h i s  t i t r a t i o n  is  described i n  Apx, I, It should 

be noted a t  t h i s  po in t  t h a t  t h e  t i t r a n t  i s  empir ical ly  standardized aga ins t  

a s tandard s u l f u r i c  ac id  so lu t ion ,  which has been standardized previously 

aga ins t  a standard sodium hydroxide so lu t ion .  

must be kept constant  i n  any one ser ies  of  t i t r a t i o n s  because any change 

i n  t h i s  r a t i o  w i l l  a f f e c t  the  s o l u b i l i t y  of t h e  barium s u l f a t e  p rec ip i t a t e  

foruied i n  the  t i t r a t i o n ,  

w i l l  a l t e r  the  volume of t i t r a n t  required t o  reach an  end point .  

The water-to-methanol r a t i o  

A change i n  the  s o i u b i l i t y  of t he  p rec ip i t a t e  

The prec is ion  of  data  taken by the photometric t i t r a t i o n  method i s  

shown i n  Tables 1 and 2 ;  the  da ta  were obtained by t i t r a t i n g  s u l f u r i c  ac id  

so lu t ions  

The samples obtained from the  HRT so lu t ions  can be expected t o  con- 

t a i n  the ca t ions  of uranium, copper, potassium, and n icke l ,  as we l l  a s  the  

s u l f a t e  anion, 

of the  so lu t ion  through a column of  Dowex $2 cation-exchange r e s i n  i n  

accordance with in s t ruc t ions  given by F r i t z  and Yamamura. 

These ca t ions  should be relnoved by passage of tes t  a l iquots  

(1) 



L 

- 0 -  

Table 1 

PRECISION STUDY 

Ti t r a t ion  of 1,OO ml of  0,0010 - N w i t h  0.00058 M B ~ i ( C l 0 4 ) ~  Solut ion 

(Guret delivered 3,000 r i l l  Ger inch of t r a v e l  of buret  syringe plunger) 

Distance of Buret 
Det’n. Syringe Travel, in .  x - x  (x - x)2 

2 0.290 + 0.001 1 x 10-6 

3 0.288 - 0,001 1 x 10-6 

4 0,290 + 0,001 1 x 10-6 

1 0,289 0,000 0.000 

5 0,288 

x = 0 ,289  in, 

S, i n ,  = 1 x 10-3 

Standard E r r o r  a t  

289 10-3 

95’70 Probabi l i ty  

- 0,001 1 x 10-6 

f ( X  - X)* = 4 x 10-6 

= 0.346 

1.239 x 0,346 
v.3- Level, $ = - = JN = 0.192. 
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Table 2 

PRECISION STUDY 

Ti t r a t ion  of 1.00 i i i l  of 0.0100 N H2SO1, Solution with 0.0025 M Ba(ClOh)? Solution 

(Burst delivered 3,COO r l i l  per inch of  t r a v e l  of buret  syringe plunger) 

Det’n. 

1 

2 

3 

Lc 
5 

Uistance OS Ijuret 
Syringe Travel, i n .  x - x  (x - X > 2  

0.66? - 0.001 1 x 10-6 

0.671 +. 0.001 1 x 10-6 

0.668 - a  0.002 4 x 10-6 

0.669 -. 0.001 1 x 10-6 

0 e673 + 0,003 9 x 

s ( X  - I ) 2  = 16 x 

N = s  
X = 0,670 i n .  

s2. - t(X N-l-=--7i---=4xlo- - x ) 2  16 x 6 

S, i n ,  = 2 x 10-3 

1,239 x 0*298 = 0,165, Starldard Error a t  95:* Probabi l i ty  Level, 5 = -=: k N  2 *23 
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Two 1 - m l  a l iquots  of an HRT sainple so lu t ion  were t i t r a t e d  with bariuni 

perchlorate so lu t ion  by the photometric procedure a f t e r  being passed through 

tlne ion-exchange column. 

obtained, 

b a r i u i  chlor ide was used as the p rec ip i t an t  were 17.8 and 17.7 mg per  m l .  

The agreement between the  r e s u l t s  by the two methods i s  reasonable i n  

consideration of t h P  known mrors in b o l h  I~I~-Llio6s , hore  s t r i c t  ad.herence 

t o  7roccdures f o r  the use of r e s i n  colunins t o  remove cat ions w i l l  probably 

h p r o v e  the over-al l  precis ion o f  the  photoiilctric t i t r a t i o n  method of 

s u l f a t e  deterriiination. 

Sul fa te  values of 17.G6 and 17.90 rr,g per  ml were 

Su l f a t e  values obtained by a gravimetric procedure i n  which 
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Appendix I 

Procedure for Standardizing Barium Perchlorate T i t r a n t  Solution 

1, ?lace a 1 - r i J  a l iquot  of approxir;!ately 0.005 M standard s u l f a t e  so lu t ion  i n  the 

absorption c e l l ,  

- 

3 .  I’idd 2 drops of 0,2$ Thoron solut ion,  

4. Place the a b s c q t i o n  c e l l  i n  the s l o t  i n  the  c e l l  assembly. 

5, 

6, 

R a c e  the l i d  Gn the s l o t ,  thus ac t iva t ing  the l i g h t  bulb 

Place the t i t r a t i o n  c e l l  asseiribly on the magnetic stirrer and raise 

the assembly i n t o  pos i t ion  s o  t h a t  the bure t  t i p  passes through the 

hole i n  the l i d  and dips i n t o  the solut ion.  

Se t  the  stirrer i n t o  operation, and s t a r t  the t i t r a t i o n  by throwing 

the feed switch on the t i t r a t o r .  The s t a r t i n g  voltage should be 

107 t o  l,9 v; the curve produced should be s imi la r  t o  t h a t  shown 

i n  Apx. 11. 

7 ,  
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j _ _  Appendix - I1 

Typical Curve Recorded i n  the  Automatic Photomtr ic  T i t r a t i o n  
of Sul fa te  Solut ion with Barium Perchlorate 

(1.00 n i l  of 0,0010 N H2S04 t i t r a t e d  with 
0.00058 M Ba(C104T2 so lu t ion)  

i 
i 

! 

1 i n .  2 0.&2 ml of 0.00058 M - Ea(ClOh), 1 
1 

0.30 0 -40 0 .so 0.60 0.70 0.80 
Voltage, volts 
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