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A b s t r a c t  
T h i s  s t u d y  i n v o l v e d  t h e  u s e  o f  a n  osc i l lomet r ic  

t e c h n i q u e  f o r  t h e  q u a n t i t a t i v e  a n a l y s i s  o f  v a r i o u s  
c h l o r i d e s  s u c h  as sodium,  p o t a s s i u m ,  c a l c i u m  and a l u -  
minum c h l o r i d e s .  T h i s  t e c h n i q u e  d e p e n d s  o n  t h e  deter-  
m i n a t i o n  of t h e  c a p a c i t a n c e  of aqueous  s o l u t i o n s  of 
v a r y i n g  n o r m a l i t y  and t h e  g e n e r a t i o n  of  a c a l i b r a t i o n  
c u r v e  as a f u n c t i o n  of c o n c e n t r a t i o n .  T h e s e  ca l ibra-  

t i o n  c u r v e s  f o r  e a c h  s a l t  were c o m p u t e r i z e d  by m e a n s o f  
a m o d e l i n g  e q u a t i o n  of a n o n l i n e a r  t y p e .  T h i s  g a v e  a 
p a r a m e t e r  set of v a l u e s  which were i t e r a t e d  t o  c o n s t a n t  
v a l u e  and u n i q u e l y  d e f i n e d  f o r  a p a r t i c u l a r  c a l i b r a t i c n  
c u r v e .  The r e s u l t s  of  t h e  q u a n t i t a t i v e  a s s a y  of v a r i o u s  
c h l o r i d e s  w a s  f o u n d  t o  be a c c u r a t e  t o  w i t h i n  t w o  p e r -  
c e n t  and compared f a v o r a b l y  w i t h  a n d  i s  somewhat more 
a c c u r a t e  t h a n  a s i l v e r  n i t r a t e  t i t r a t i o n  w i t h  a f l u o r -  
c e i n  i n d i c a t o r .  
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4 9 2  DUMANOSKI, GREENE, AND PARUTA 

Introduction 

In this study an oscillornetric technque was inves- 
tigated and utilized for the analysis of various chloride 
salts and compared to a colorimetric method using silver 
nitrate and a fluorscein indicator. 

The various salts chosen were sodium, potassiurn,cal- 
ciurn and aluminum chloride which provided for mono, di, 
and trivalent cationic species. This was done in order 
to discern the effect of these various cations and nor- 
mal solutions were used to provide isonorrnal concentra- 
tions of the anionic chloride species. Thus the genera- 
ted curves could be compared to the relative conductance 
of these solutions. 

'The sodium, potassium and calcium chlorides are 
found in many types of pharmaceutical dose forms includ- 
ing many which are used for parenteral administration. 

The basic objective of this study was to quantitate 
the application of the oscillometric technique for the 
analysis of various chlorides or chloride ions. 

There is a vast amount of literature available on 
the analysis of chlorides and chloride ions. Only the 
most pertinent and most current methods will be cited 
here. There are available titrametric methods such as 
that reported by Krincic (1) in which mercuric nitrate 
is used with a diphenyl-carbazone indicator used for 
infusion solutions. Other reports ( 2 - 4 )  basically uti- 
lize titration methods. Trace chloride determinations 
have been reported by Music (5) and a argentometric tech- 
nique given by Singh and Nathan ( 6 ) .  With the advent of 
ion-specific electrodes (7), many reports on their use 
for chloride determinations have appeared of which more 
recent ones are cited. These are reports by Speights 
et a1 (8), Popp and Pungor ( 9 ) ,  Florence (10) and 
Washizuka (11). The use of high frequency oscillo- 
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OSCILLOMETRIC TECHNIQUE 4 9 3  

metric a n a l y s i s  o r  t i t r a t i o n s  are e x e m p l i f i e d  by t h e  
s t u d i e s  o f  Blaedal ( 1 2 ,  1 3 , )  and J e n s e n  (14, 15) and a 
g e n e r a l  o v e r v i e w  of osci l lometr ic  t e c h n i q u e s  g i v e n  by 

S h e r r i c k  et  a1 ( 1 6 ) .  

Theory  o f  O p e r a t i o n  
U t i l i z a t i o n  of a h i g h  f r e q u e n c y  o s c i l l a t o r  a s  a 

power s o u r c e  w i t h  c o u p l i n g  t o  a c a p a c i t i v e  c i r c u i t  o f  
c h e m i c a l  s a m p l e  is t h e  u n d e r l y i n g  p r i n c i p l e  of  t h i s  
t e c h n i q u e .  The r e s o n a n t  c i r c u i t  ( t u n i n g  o s c i l l a t o r )  is 
employed and a t es t  s a m p l e  is i n t r o d u c e d  s u c h  t h a t  
t h e r e  i s  a change  i n  t h e  c a p a c i t a n c e  or  r e s i s t a n c e  o r  
b o t h  c o n t r i b u t e d  by t h e  s a m p l e .  

I n  t h i s  c a s e ,  a s a m p l e  c e l l  acts as a c o n d u c t i v e  
arm between electrodes and m e a s u r e s  t h e  r e l a t i v e  capa-  
c i t a n c e  of  a tes t  s o l u t i o n .  The a d v a n t a g e  of  t h e  Model 
V Oscillometer i s  t h e  i s o l a t i o n  o f  t h e  s a m p l e  f rom t h e  
c i r c u i t  e l e m e n t s .  F u r t h e r ,  t h i s  a d v a n t a g e  e l i m i n a t e s  
t h e  unwanted  e f f e c t s  o f  e l e c t r o l y t i c  a l t e r a t i o n  and 
e lectrode p o t e n t i a l  i n  o t h e r  common electrometric 
m e t  h o d s .  

I n  t h i s  s t u d y ,  v a r i o u s  c h l o r i d e  s a l t s  were u s e d  and 
i n  e a c h  of t h e s e  s o l u t i o n s ,  t h e  change  i n  c o n d u c t i o n  
f rom s a m p l e  t o  s a m p l e  would r e s u l t  i n  a n  e n e r g y  l o s s  
f rom t h e  c i r c u i t .  T h i s  e n e r g y  loss t h e n  would c a u s e  ad- 
d i t i o n a l  c a p a c i t a n c e  t h a t  u o u l d  be r e q u i r e d  t o  n u l l  t h e  
r e s o n a n t  f r e q u e n c y .  S i n c e  t h e  c h l o r i d e  i o n  w a s  common 
t o  a l l  t h e s e  h a l i d e  s a l t s ,  t h e  d i f f e r e n c e s  i n  a p o r t i o n  
of  t h e  added  c a p a c i t a n c e  would depend upon t h e  i o n  s i z e ,  
c h a r g e  and  h y d r a t i o n  o f  t h e  c a t i o n i c  s p e c i e s .  T h e r e f o r e ,  
i s o n o r m a l  s o l u t i o n s  of  v a r i o u s  c h l o r i d e s  s h o u l d  p r o d u c e  
s imi la r  c a l i b r a t i o n  c u r v e s  as a f u n c t i o n  o f  c o n c e n t r a t i o n  
and s h o u l d  b e  s l i g h t l y  d i f f e r e n t  f rom o n e  a n o t h e r  depend-  
i n g  upon t h e  c a t i o n i c  s p e c i e s .  
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494 DUMANOSKI, GREENE, AND PARUTA 

Experiment a1 
Chemicals - The following chemicals were used: 

2 Sodium Chloride', Potassium Chloride , Calcium 
Chloride3, Aluminum Chloride4, Sodium Hydroxide , 
2, 7' dichlorof luorscein" and distilled water. 

5 

Equipment - The following equipment was used: 
Burettes with 0.01 ml. increments, Sargent Model V 
Chemical Oscillometer, Mettler Balance Type H16 
volumetric flasks, pipettes and erhlenmeyer flasks. 

Preparation of Solutions - Solutions of salts were pre- 
pared from accurately weighed samples by a difference 
method. The various chloride salts were dried to cons- 
tant weight at 55' in a convection oven prior to use. 
The reagent solutions were freshly prepared in distilled 
water and were discarded after 24 hours. Commercial sam- 

ples of Bacteriostatia Chloride Injection, USP was used 
directly and diluted to the operating range of the 
oscillometer. 

Operation of Oscillometer 

In the course of study, it was found that in order 
to obtain the most accurate and reproducible results, 
several operating characteristics for this instrument 
were determined and should be adhered to. 

The procedure that was adopted is given as follows. 
The Model V Oscillometer was allowed to warm up for at 
least two hours prior to use. The room temperature was 
ambient at about 23' and the temperature w a s  taken prior 

'Lot X2466109, Amend Drug and Chemical Co. 
'Lot WNRS, Mallinckrodt Chemical Works 
3Anhydrous, #4128 Mallinckrodt Chemical Works 
4Lot 6066066, Amend Drug and Chemical Co. 
5Analyzed, Eastman Organic Chemicals, Inc. 
6Lot WI83J, Pellets, Allied Chemical Co. 

D
ru

g 
D

ev
el

op
m

en
t a

nd
 I

nd
us

tr
ia

l P
ha

rm
ac

y 
D

ow
nl

oa
de

d 
fr

om
 in

fo
rm

ah
ea

lth
ca

re
.c

om
 b

y 
B

ib
lio

te
ca

 A
lb

er
to

 M
al

lia
ni

 o
n 

01
/1

9/
12

Fo
r 

pe
rs

on
al

 u
se

 o
nl

y.



OSCILLOMETRIC TECHNIQUE 495 

t o  and  a f t e r  e a c h  r u n  w i t h  t h e  l a r g e s t  v a r i a t i o n  o f  1' 
f o r  a l l  r e p o r t e d  r e s u l t s .  

The small u n s t o p p e r e d  10 m l .  c e l l  w a s  u s e d  i n  a 
c o n s t a n t  c o n f i g u r a t i o n  marked on t h e  c e l l  h o l d e r ,  and  
a l l  s a m p l e  s o l u t i o n s  were a t  least  2 c m .  above  t h e  elec- 
t r o d e  s u r f a c e .  
c h a n g e  i n  t h e  o b s e r v e d  r e a d i n g s .  All s o l u t i o n s  were 
p r e p a r e d  w i t h  d i s t i l l e d  water s i n c e  t h e r e  w a s  no d i f -  
f e r e n c e  i n  t 'he  r e a d i n g s  w i t h  d e i o n i z e d  d i s t i l l e d  water. 

The t e m p e r a t u r e  of a l l  s o l u t i o n s  w a s  m e a s u r e d  p r i o r  

A 180° t u r n  of  t h e  c e l l  p r o d u c e d  n o  

t o  and a f t e r  measurement  w i t h  no  c h a n g e  i n  t e m p e r a t u r e  
and  a l l  r e a d i n g s  were t a k e n  when t h e r m a l  e q u i l i b r i u m  
had b e e n  r e a c h e d .  

F o r  e a c h  s a m p l e ,  3 r e a d i n g s  were t a k e n  w i t h i n  a b o u t  
t w o  m i n u t e s  by d e t e r m i n i n g  t h e  c a p a c i t a n c e  u n i t s  a d d e d ,  
removing  t h e  c e l l ,  r e i n s e r t i n g  it i n t o  t h e  c e l l  h o l d e r  
a g a i n  i n  a p a r t i c u l a r  c o n f i g u r a t i o n  and r e m e a s u r i n g  t h e  
c a p a c i t a n c e  u n i t s  a d d e d .  

I t  was o b s e r v e d  t h a t  t h e  n u l l  b a l a n c e  sometimes had 
a s l i g h t  d r i f t  which may h a v e  b e e n  d u e  t o  l i n e  c u r r e n t  
f l u c t u a t i o n s  o r  v a r i a t i o n s  i n  room t e m p e r a t u r e .  T h i s  
d r i f t i n g  d i d  n o t  c a u s e  any  p r o b l e m s  o f  measurement  o f  
t h e  c a p a c i t a n c e  o f  t h e  s a m p l e s .  

T h e r e  were day-to-day v a r i a t i o n s  i n  t h e  c a l i b r a t i o n  
c u r v e s  f o r  t h e  v a r i o u s  s a l t s  b u t  t h e s e  v a r i a t i o n s  were 
u n i - d i r e c t i o n a l  and c o n s t a n t  i n  m a g n i t u d e .  

Each s a m p l e  c e l l  would h a v e  its own u n i q u e  c h a r a c -  
t e r i s t i c s  and  p r o p e r t i e s  ( c e l l  c o n s t a n t ) ;  t h u s  2 small 
10 m l .  u n s t o p p e r e d  c e l l s  were u s e d  i n  many o f  t h e s e  ex-  
p e r i m e n t s  i n  order t o  compare t h e i r  i n d i v i d u a l  c o n s i s -  
t e n c y  and r e p r o d u c i b i l i t y  o f  r e s u l t s .  

F o r  e a c h  s a l t  s o l u t i o n ,  a t  least  8 r u n s  o f  3 s a m p l e  
r e a d i n g s  f o r  e a c h  c o n c e n t r a t i o n  were determined by t h i s  
t e c h n i q u e ,  T h e s e  c a l i b r a t i o n  r u n s  f o r  a p a r t i c u l a r  c e l l  
were r e p e a t e d  on t h e  same d a y ,  o n e  week and t w o  weeks 
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496 DUMANOSKI, GREENE, AND PARUTA 

later with a maximum deviation of 200 units over the en- 
tire sets of results which resulted in an error of less 
than one percent error id capacitance units added. 

Procedure for Colorimetric Titration 
In general, a given volume of solution was placed in 

a volumetric flask with a magnetic stirrer, about 3 drops 
of the fluroscein T.S. added and titrated with the approp- 
riate normality of freshly prepared silver nitrate (less 
than 24 hours old) and titrated in a burette with .01 ml. 
divisions. The greenish yellowish fluorescent color was 
titrated by the addition of silver nitrate to a reddish 
brown coloration with 15 second stops after each 0.01 ml. 
increment added near the end point. 

of 1,7' dichlorofluorscein in 60 ml. of 95% ethanol, adding 
2.5 ml. of O.IN freshly prepared NaOH, mixed and diluted 
with distilled water to 100 ml. 

The fluorscent T.S. was prepared by dissolving 100 mg. 

a 

For these titrations, duplicate sets of 3 samples per 
set were run for the various concentrations of the chloride 
salts used in this study. 

Results and Discussion 

Determination of Calibration Curves 

Each salt solution was prepared at a given concen- 
tration and subsequent dilutions were made in order to 
prepare concentrations of 1 x 10-3N to 6 x 1 0 - 3 N .  

-- 

For a given sample at each concentration, 3 instru- 
ment readings were taken, the cell rinsed 3 times with 
the next most concentrated sample and the process re- 
peated. The precautions on the operational technique as 
given in the experimental section were adhered to. 

~~ ~ 

aUSP XIX p. 764 
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OSCILLOMETRIC TECHNIQUE 49 7 

I n  F i g u r e  1, a p lo t  of  i n s t r u m e n t  r e a d i n g  or  capi- 
t a n c e  u n i t s  added  is p l o t t e d  v e r s u s  c o n c e n t r a t i o n  ex-  

p r e s s e d  i n  n o r m a l i t y .  T h e s e  t y p e s  of n o n l i n e a r  c u r v e s  
were f o u n d  f o r  a l l  t h e  c h l o r i d e s  used  i n  t h i s  s t u d y .  
T y p i c a l  c a l ib ra t ion  c u r v e s  are  shown i n  F i g u r e  1 f o r  

t h e  e x p e r i m e n t a l l y  d e t e r m i n e d  r e a d i n g s  f o r  t w o  of  t h e  

s a l t s  s t u d i e d ,  sodium c h l o r i d e  and p o t a s s i u m  c h l o r i d e  
i n  2 d i f f e r e n t  10 m l .  u n s t o p p e r e d  ce l l s .  The ca l ib ra -  

NORMALITY x 104 

FIGURE 1 A plot of Oscillometer Reading for Sodium and Potassium 
chlorides in Cell 1 and Cell 2 as a function of concentra- 
tion expressed as Normality. 
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498 DUMANOSKI, GREENE, AND PARUTA 

t i o n  c u r v e s  p r o d u c e d  f o r  t h e s e  s a l t s  i n  t h e  2 ce l l s  are 
c o m p l e t e l y  s u p e r i m p o s a b l e  b u t  t h e  d i f f e r e n c e  i n  t h e  

m a g n i t u d e  of t h e  p lo t t ed  r e a d i n g s  i l l u s t r a t e s  t h e  e f -  
f e c t  of t h e  c e l l  c h a r a c t e r i s t i c s .  The a b o v e  h e l d  as  
well for  t h e  c a l i b r a t i o n  c u r v e s  of c a l c i u m  and aluminum 
c h l o r i d e s .  T h e r e  w e r e  day- to-day  v a r i a t i o n s  i n  t h e s e  
r e a d i n g s  f o r  a p a r t i c u l a r  c o n c e n t r a t i o n  r a n g e  o f  any of 
t h e  s a l t s ,  and these v a r i a t i o n s  w e r e  u n i d i r e c t i o n  and  
c o n s t a n t  i n  m a g n i t u d e .  The m a g n i t u d e  o f  t h e s e  v a r i a t i o n s  
is also shown i n  F i g u r e  1 by h o r i z o n t a l  l i n e s  a b o v e  and  
below t h e  a v e r a g e  v a l u e  b e i n g  p l o t t e d .  

O b v i o u s l y  e i t h e r  c e l l  1 or  ce l l  2 c o u l d  be u s e d  t o  
tes t  f u t u r e  known o r  unknown s a m p l e s  as l o n g  as  a l l  t h e  
c o n s t r a i n t s  d e s c r i b e d  p r e v i o u s l y  f o r  i n s t r u m e n t  o p e r a t i o n  
are a d h e r e d  t o .  

U n f o r t u n a t e l y ,  d u r i n g  t h i s  s t u d y  a h a i r l i n e  c r a c k  
w a 6  o b s e r v e d  n e a r  t h e  electrode s u r f a c e  of c e l l  1 and 
most of t h e  l a t t e r  work d e s c r i b e d  h e r e i n  u t i l i z e d  c e l l  
2 .  

Computer A n a l y s i s  o f  C a l i b r a t i o n  C u r v e s  
Once t h e  c a l i b r a t i o n  c u r v e s  f o r  t h e  v a r i o u s  c h l o -  

r i des  h a d  b e e n  d e t e r m i n e d ,  a n  a t t e m p t  was made t o  f i t  
v a r i o u s  a n a l y t i c a l  e x p r e s s i o n s  t o  t h e  data  o b t a i n e d .  
One s u c h  e x p r e s s i o n  w a s  f o u n d  ( 1 7 )  which  g a v e  a n  excel- 
l e n t  f i t  t o  t h e  c a l i b r a t i o n  c u r v e s .  The data f o r  e a c h  
s o l u t i o n  c o n c e n t r a t i o n  w a s  a v e r a g e d  u s i n g  a minimum of  
s i x  i n d i v i d u a l  d e t e r m i n a t i o n s  a n d  a n a l y s i s  p e r f o r m e d  b y  
a N o n l i n  program on an IBM 360/155 c o m p u t e r .  The  equa-  
t i o n  which  f i t t e d  t h e  c a l i b r a t i o n  c u r v e s  c o u l d  be r e p -  
r e s e n t e d  as fo l lows:  

R = PI + P2 (logloC - P3) E q u a t i o n  1 

where  R = i n s t r u m e n t  r e a d i n g ,  C is c o n c e n t r a t i o n  ex-  
p r e s s e d  i n  n o r m a l i t y  and  D1, P2 a n d  P3 are p a r a m e t e r s  
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OSCILLOMETRIC TECHNIQUE 499 

which by a i t e r a t i v e  p r o c e s s  become c o n s t a n t .  
When t h e  parameter  set (P I ,  P2 and p3> have been d e t e r -  
mined f o r  a p a r t i c u l a r  c h l o r i d e  s a l t ,  t h e s e  P v a l u e s  
are used  i n  a s u b r o u t i n e ,  by t y p i n g  i n  t h e  in s t rumen t  
r e a d i n g  f o r  an unknown c o n c e n t r a t i o n  of t h e  same s a l t ,  
t h e  computer would then  c a l c u l a t e  and p r i n t  o u t  t h e  
n o r m a l i t y .  

I t  is impor t an t  t o  n o t e  t h a t  each  set  of s e l f  con- 
s i s t a n t  i n s t rumen t  r e a d i n g s  f o r  any g iven  s a l t  w i l l  
p roduce  a c a l i b r a t i o n  c u r v e  which by computer a n a l y s i s  
w i l l  g e n e r a t e  a parameter  se t  of P1, P2 and P3 which 
are u n i q u e l y  d e f i n e d  f o r  t h a t  c a l i b r a t i o n  cu rve .  

In  o r d e r  t o  i l l u s t r a t e  t h e s e  c h a r a c t e r i s t i c s ,  a 
t y p i c a l  computer p r i n t o u t  f o r  v a r y i n g  n o r m a l i t i e s  of 
sodium c h l o r i d e  is shown i n  Tab le  I .  In  t h i s  case, 
a d a t a  bank is c r e a t e d  ( n o r m a l i t i e s  and in s t rumen t  
r e a d i n g s )  and s t o r e d .  The d a t a  i s  c a l l e d  o u t  and t h e  
Nonlin program o p e r a t e s  on t h e  d a t a .  P a r t  of t h e  
p r i n t o u t  of d a t a  and d a t a  a n a l y s i s  i s  shown i n  Tab le  I .  

For each  i n d i v i d u a l  c a l i b r a t i o n  cu rve  i n  d i f f e r e n t  
ce l l s  for  t h e  same s a l t  a d i f f e r e n t  parameter  set would 
be  g e n e r a t e d .  In  Tab le  11, t h e  parameter  set P1, P2 
and P3 f o r  each  s a l t  i n  e i t h e r  ce l l  1 o r  c e l l  2 were 
o b t a i n e d  from computer a n a l y s i s  and are g iven  i n  t h i s  
t a b l e .  The v a l u e s  l i s t e d  unde r  R2 and c o r .  are con- 
s i d e r e d  t o  g i v e  estimates of "goodness of f i t "  t o  a 
n o n l i n e a r  f u n c t i o n .  A l l  of t h e s e  v a l u e s  have magni- 
t u d e s  of  0.99 and g r e a t e r  i n d i c a t i n g  a v e r y  good f i t  
of t h e  model ing e q u a t i o n  and r a w  expe r imen ta l  d a t a .  

R e s u l t s  and Di scuss ion  
I n  order t o  test t h i s  model e q u a t i o n  and its 

a b i l i t y  t o  p r e d i c t  t h e  no rma l i ty  of unknown concen- 
t r a t i o n s  o f  any g iven  s a l t ,  samples  of  sodium c h l o r i d e  
i n  t h e  c o n c e n t r a t i o n  r ange  o f  1 x 10-3N to  5 x 10-3N 
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DUMANOSKI, GREENE, AND PARUTA 500 

T a b l e  I - 

N o r m a l i t y  
2 x 10 

f 1011 

A t y p i c a l  c o m p u t e r  p r i n t o u t  da t a  f o r  
sodium c h l o r i d e  s o l u t i o n s  o f  v a r y i n g  
no rma l i t i e s  f o r  c e l l  2 w i t h  i t e r a t e d  
v a l u e s  o f  p a r a m e t e r s  P 3 P2 a n d  P 1’ 

Observed  C a l c u l a t e d  0bs.-Calc. % 
R e a d i n g  R e a d i n g  R e a d i n g  D e v i a t i o n  

25.805 25.787 18 0.07 

.2023 27,661 27,778 

.3033 28, a58 28,763 

.4045 29,520 29,414 

127 

95 

106 

-0.46 

0.33 

0.36 

5055 29,906 29,902 4 0.01 

.6064 39,199 30,194 95 -0.31 

were p r e p a r e d  and coded. T h e s e  s o l u t i o n s  w e r e  t h e n  

measured on t h e  oscillometer i n  ce l l  1, t h e  i n s t r u m e n t  
r e a d i n g  i n p u t t e d  i n t o  t h e  s u b r o u t i n e  and  t h e  n o r m a l i t y  

p r i n t e d  o u t .  I n  T a b l e  111, t h e  r e s u l t s  o f  t h e  p r e p a r e d  
(unknown) n o r m a l i t y  a n d  t h e  computed n o r m a l i t y  are s h o w n  
and v e r y  good r e s u l t s  are obta ined .  For t h i s  ” b l i n d ”  

s t u d y ,  t h e  percent error v a r i e d  from a b o u t  1 t o  2.5 
p e r c e n t .  
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OSCILLOMETRIC TECHNIQUE 501 

Tab le  I1 - A summary of t h e  Nonlin computer 
a n a l y s i s  of pa rame te r s  P l ,  Pp and P 
v a r i o u s  s a l t s  used  i n  t h  s s udy fop c e l l  I and 
c e l l  2 

f o r  t h e  

C e l l  1 - Parameter  S e t  1 

S a l t  - 

Sodium C h l o r i d e  46,257 6413 .1419 .995 .998 

Potass ium 
C h l o r i d e  44,397 5445 .3945 .993 .993 

Calcium 
C h l o r i d e  46,069 6368 .1236 .996 .998 

Aluminum 
C h l o r i d e  45,194 5963 .2047 .995 .998 

C e l l  2 - Parameter  S e t  2 

- P P P x 1 0  ~2 C o r .  -1- -2- -3- - - S a l t  

Sodium C h l o r i d e  42,303 5458 .1683 .994 .997 

Pot  ass ium 
C h l o r i d e  40,572 4560 .4275 .997 .998 

Calcium C h l o r i d e  42,513 5580 .0833 .990 .995 

C h l o r i d e  40,784 4778 .3181 .994 .997 
Aluminum 

S i n c e  t h e r e  i s  v a r i a b i l i t y  i n  b o t h  t h e  c a l i b r a t i o n  
c u r v e  and t h e  pa rame te r  s e t ,  i t  would b e  p o s s i b l e  t o  d e t e r -  
mine a maximum e r r o r  f o r  t h i s  t e c h n i q u e  by a c ross -ove r  
v a r i a b i l i t y  d e s i g n .  T h i s  is i l l u s t r a t e d  i n  Tab le  I V  

f o r  sodium c h l o r i d e  s o l u t i o n s  i n  c e l l  2 i n  which t h e  
p e r c e n t  error is shown when t h e  in s t rumen t  r e a d i n g  is 
c o n s t a n t  and t h e  pa rame te r  set is v a r i e d .  I n  t h e  lower 
h a l f  of  t h i s  t ab l e ,  t h e  pa rame te r  sets are t h e  same b u t  
t h e  i n s t r u m e n t  r e a d i n g  is v a r i e d .  From t h i s  t a b u l a t i o n ,  
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502 DUMANOSKI, GREENE, AND PARUTA 

Table 111 - Summary of a comparison of prepared 
normalities and computed normalities 
of sodium chloride solutions and the 
percent error found for cell 1 

Prepared Instrument Computed 
Normality x 10 Reading Normality x lo2% Error 

.lo02 25,789 .0990 1.2 

,1396 

.1470 

26,312 .1380 

26,466 .1440 

1.2 

2.5 

.2504 27,854 .2470 1.4 

.2613 28,080 .2650 1.4 

-4990 29,608 .4890 2.1 

.5030 29,713 .5100 1.4 

the most likely maximum error in any determination with- 
out recalibration would be about 3.7$ with the most 
likely error around 2.5%. 

In the case of the other chlorides used in this 
study, unknowns were prepared and coded, instrument 
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504 DUMANOSKI, GREENE, AND PARUTA 

readings were taken in cell 2 on the same day the cali- 
bration runs in cell 2 were performed. The results of 
these determinations are given in Table V. The percent 
error of the prepared (unknown) normality and the com- 
puted normality is striking, the average error is only 
about 1.0% which compares quite favorably with other 
techniques of chloride determination by titrametric and 
electrometric methods. In this "blind" technique, a 

Table V - A Summary of results obtained for 
Potassium Chloride, Calcium Chloride 
and Aluminum Chloride of varying 
normalities in cell 2 with constant 
values of parameters P1, P and P3 
(Parameter Set 2) 2 

Potassium Chloride 

Normality Inst. Computed % 
Prepared x 10 Reading Normality Error 
.lo12 25,809 .lo06 0.6 
.2503 28,325 .2489 0.6 

.5010 29,892 .4986 0.5 

Calcium Chloride 

Prepared x 10 Reading Normal it y Error 
Normal it y Inst. Cornput ed % 

.lo06 25,607 .lo17 1.1 

.5007 29,683 .5013 0.2 

.2511 27,869 .2479 1.3 

Aluminum Chloride 

Prepared x 10 Reading Normal it y Error 
Normality Inst. Computed % 

.lo22 25,691 .lo12 1.0 

.2507 27,886 .2461 1.8 

.5031 29,627 .4989 0.5 
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OSCILLOMETRIC TECHNIQUE 505 

conclusion can be made about an i n c r e a s e  i n  accuracy i n  
samples with a r e c a l i b r a t i o n  of i n s t r u m e n t  r ead ings  with 

known s o l u t i o n  n o r m a l i t i e s  over  a s h o r t  t i m e  span.  

One  of t h e  b a s i c  o b j e c t i v e s  of t h i s  s tudy  w a s  t o  
compare t h e  u s e f u l n e s s  and accuracy of t h e  o s c i l l o -  

m e t r i c  technique t o  ano the r  technique such as a c o l o r i -  
metric t i t r a t i o n  wi th  s i l v e r  n i t r a t e  and a f l u o r e s c e i n  
i n d i c a t o r .  Standard s o l u t i o n s  of t h e  v a r i o u s  c h l o r i d e s  

were prepared and c a r e f u l l y  t i t r a t e d  with s i l v e r  n i t r a t e  

i n  t h e  manner  p rev ious ly  desc r ibed .  I n  Table VI, t h e  

r e s u l t s  of t h e s e  t i t r a t i o n s  i s  shown i s  shown expressed 

Table V I  - A summary of t h e  S i l v e r  N i t r a t e  - 
2 ,  7 ' d i c h l o r o f l u o r s c e i n  c a l o r i m e t r i c  
t e r t r a t i o n  of s t a n d a r d  s o l u t i o n s  of 
t h e  v a r i o u s  c h l o r i d e s  used i n  t h i s  
s tudy .  

S i l v e r  Nitrate 
m l s  of . I N  Soln.  m l s  of O . I N  

Sodium 5.00 .50-. 5 1  
Chloride 

Potassium 5.00 
Chloride 

.51-. 52 

Calcium 5.00 .49-. 50 
Chloride 

Chloride 
Aluminum 5.00 .50- .  5 1  

S i l v e r  N i t r a t e  

m l s  of .OIN Soln.  m l s  of O . I N  
Sodium 5.00 .51-. 52 

Chloride 

Pot ass ium 5.00 

Calcium 5.00 

Aluminum 5.00 

Chloaride 

Ch lo r ide  

Chloride 

.50- .  52 

.49-. 52 

.51-. 52 

% 
Error 
2 

2-4 

2 

2 

% 
Error  

2-4 

4 

2-4 

2-4 
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506 D’LWANOSKI, GREENE. AND PARUTA 

a s  t h e  d e v i a t i o n  from t h e  r e q u i r e d  volume,  k., 5.00  
m l .  of 0.1N sodium c h l o r i d e  r e q u i r e s  0.50 m l .  of 1N 
s i l v e r  n i t r a t e .  Here i t  can  be o b s e r v e d  t h a t  e r r o r s  i n  
these d e t e r m i n a t i o n s  v a r y  o v e r  a r a n g e  :if a h m t  2 4 %  

which is somewhat less a c c u r a t e  t h a n  t h e  o s c i l l o r n e t e r .  
I t  is i m p o r t a n t  t o  n o t e  h e r e  t h a t  t h i s  t i trarnetric 

t e c h n i q u e  is  f a i r l y  a c c u r a t e  a t  h i g h e r  c o n c e n t r a t , i o n s  
b u t  one m i g h t  e x p e c t  t h a t  a t  l o w e r  c o n c e n t r a t i o n s  t h e  

c o l o r  c h a n g e  would b e  d i f f i c u l t  t o  o b s e r v e .  I n  t h e  
o s c i l l o r n e t r i c  t e c h n i q u e  w i t h  a n  o p e r a t i n g  r a n g e  of 

.001N t o  . 0 0 6 N ,  any more c o n c e n t r a t e d  s o l u t i o n  c o u l d  

be a c c u r a t e l y  d i l u t e d  which is an a d v a n t a g e  o v e r  t h e  
s i l v e r  n i t r a t e  method.  

I n  o rder  t o  i l l u s t r a t e  t h e s e  p o i n t s ,  3 commerc ia l  

s amp 1 es J f sod i ;im t- h l o r  I d e  i n j e c  I. i on b a c  t e r  1 < ~ s  : a. t i 

USF were o b t a i r i e d .  d i l u t i o n s  p r e p a r e d  and  t b z  average 

c o n c e n t r a t i o n s  d e t e r m i n e d  by b o t h  t .he o s c i l l o r n e t r i c  

and  c o l o r i m e t r i c  methods .  The r e s u l t s  of t h e s e  d e t e r -  

m i n a t i o n s  are shown i n  T a b l e  V I I .  I n  t h e  oscil lomet- 
r i c  t e c h n i q u e ,  v e r y  good c o r r e l a t i o n  w a s  o b t a i n e d  wit.h 
a maximum e r ro r  of 1.3% a n d  a minimum error  of 0.5% 

For t h e  color imetr ic  t e c h n i q u e ,  good r e s u l t s  were a l so  
o b t a i n e d  w i t h  a s l i g h t l y  h i g h e r  error o n  t h e  o r d e r  of 
1-3%. A g a i n ,  t h e  oscil lometric t e c h n i q u e  is  somewhat 

more a c c u r a t e  t h a n  t h e  t i t r a t i o n  method.  

’ 

I n  t h e  osci l lometr ic  m e t h o d ,  t h e  sodium c h l o r i d e  
i n j e c t i o n  and  t h e  c a l i b r a t i o n  r u n s  were d o n e  on t h e  
same day  a g a i n  p r o v i d i n g  r e l a t i v e l y  a c c u r a t e  r e s u l t s .  

I n  t h e  t i t r a t i o n  m e t h o d ,  h i g h e r  errors are f o u n d  a t  
t h e  lower c o n c e n t r a t i o n s  b u t  t h e  a c c u r a c y  a t  t h e  h i g h -  
est c o n c e n t r a t i o n  of a b o u t  .005N is t h e  same as t h e  
osci l lometr ic  t e c h n i q u e .  

F u r t h e r ,  t h i s  t e c h n i q u e  can  be a p p l i e d  t o  concen-  
t r a t e d  s o l u t i o n s  of v a r i o u s  c h l o r i d e s  (0 .01  - 1N by 
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accurate dilutions into the operating range of the os- 
cillometer. 

Additionally, this technique could provide a 
"second" method for chloride analysis in which this 
instrumental method could back up a titrametric method. 
The effect of pH and non-aqueous solvents on the appli- 
cability of this method is planned for future studies. 
There has been some preliminary work on other halide 
determinations by this oscillometric technique and 
these results will be considered in a future communi- 
cat ion. 

The oscillornetric technique as described in this 
study can be used as a rapid, reliable, reproducible 
and relatively accurate method for the analysis of 
various chlorides or chloride ions. 

Conclusions 
A high frequency oscillometric method for the 

quantitation of various chloride salts has been presen- 
ted. 

The accuracy of this method depends on the careful 
use of  the operating characteristics of the Model V 
Oscillometer and cell characteristics. 

The computerization of and analysis of parameter 
sets and data was accomplished by the use of a nonlinear 
modeling equation. The "goodness of fit" to this cqua- 
tion was excellent, all values of R-squared and cor. 
being greater than 0.99. 

The analysis of various unknown and bacteriostatic 
sodium chloride injection, USP were found to be quite 
accurate to within a maximum error of about 2 percent. 

This technique compared very favorably with a 

silver nitrate titration method using 2 ,  7' dichloro- 
fluorscein as the indicator, the oscillometric tech- 
nique being somewhat more accurate. 
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F i n a l l y ,  t h e  osc i l lomet r ic  t e c h n i q u e  a s  d e s c r i b e d  
h e r e i n  c a n  be u s e d  as a r a p i d ,  r e l i a b l e ,  r e p r o d u c i b l e  

a n d  r e l a t i v e l y  accurate method f o r  t h e  d e t e r m i n a t i o n  
of a q u e o u s  s o l u t i o n s  of  t h e  c h l o r i d e  s a l t s  u s e d  i n  

t h i s  s t u d y .  
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