
was shown by analyzing standards of lorazepam, yielding concentra- 
tions in the homogenization vessel in the range of 5-30 rncg./ml. 
( 1  2 - 9 3  X M )  (Fig. 5). This concentration range corresponds to 
lorazepam levels of 0.25-6.0 mg. in the finished product, with the 
SOLlDprep unit delivering a fixed volume between 50 and 200 ml. of 
diluent. The actual measured lower limit of sensitivity is 0.05 mg./ 
sample, corresponding to 3 X 10 -6 M i n  the flow cell. 

Both the precision and accuracy of this technique were determined 
by adding known quantities of lorazepam in the 0.5-2.0-mg. range 
to tablet evcipient mixtures and measuring the percentages re- 
covered. Twelve replicate assays a t  the 0 5 ,  1 .@, and 2.0-mg. loraze- 
pam/tablet levels produced relative standard deviations of & 1.4, 
11.4.  and =tl.2a;, respectively. with recoveriesof99:< of the theo- 
retical amount present in all three cases. 

The effect of common inert tablet components on this automated 
polarographic procedure when applied to lorazepam was investi- 
gated to uncover any possible interfering material. In this study, in- 
active component- lorazepam ratios of 200: I for lactose, 100: I for 
talc and microcrystalline cellulose9, and 50: 1 for calcium sulfate, 
magnesium stearate, stearic acid. potassium polacrilinla, methyl- 
cellulosell. and starch were evaluated. No interference was experi- 
enced from these materials at  these levels. 

Further Applications- - ~Prelimiriary investigations indicate that the 
automated method is readily adaptable to a wide variety of polaro- 
graphic assay procedures. The use of a multifunctional polaro- 
graphic analyzer permits the system to be operated in other polaro- 
graphic modes. A constant-amplitude dilrerential pulse polarogram 
of lorazepam obtained by the automated technique is presented in 

9 Avicel. 
l o  Arnberlitc IRP-$8. 
I !  Mcthoccl. 

Fig. 6. This polarographic mode of operation offers increased 
sensitivity and expands methodcapabilities by permitting the resolu- 
tion of closely spaced polarographic waves. 
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Simultaneous Semiautomated Determination of 
Pentaerythritol Tetranitrate or Mannitol Hexanitrate and 
Phenobarbital in Tablets 

D. J. BROWN. and D. C. COOK* 

Abstract u A semiautomated qectrophotometric method for the 
simultaneous determination of pentaerythritol tetranitrate or 
mannitol hexanitrate and phenobarbital in single tahlets is de- 
scribed. The organic nitrate cster component is assayed by a colori- 
metric procedure involving the diazotization of p-chloroaniline 
with nitrite formed hy alkaline hydrolysis with tetramethylam- 
monium hydroxide and coupling of the resultant compound with 
N-I-naphtliylethylenediamine. The intensity of the color is measured 
at 570 nm. for pentaerythritol tetranitrate and at 613 nm. for man- 
nitol hexanitrate. I’henobarbital is determined by U V  absorption 
at 241 nm. after extraction into chloroform followed by extraction 
into aqueous base. The elTect of one component on the assay results 
of the other is reported. Results from the semiautomated method 
are in agreement within k3y ;  with those from USP and N F  meth- 

Pentaerythritol tetranitrate and mannitol hexanitrate 
are both organic nitratc estcrs believcd capable of 
coronary dilation. Their onset of action is slower and 
their duration much longer than nitroglycerin. They are 
used therapeutically in the prophylaxis of attacks of 
angina pectoris. 

ods. The coeficients of variation for the semiautomated proceaurc 
are 1 .HI, 0.68, and 1.24% for penlaerythritol letranitrate. mannitol 
hexanitrate, and phenobarbital, respectively. 

Keyphrases 0 Pentaerythritol tetranitrate or mannitol hexanitrate 
and phenobarbital tablets--simultaneous spectrophotonietric anal- 
ysis 0 Mannitol hexanitrate or pentaerythritol tetranitrate and 
phenobarbital tablets -simultaneous spectrophotometric analysis C 
Phenobarbital and pentaerythritol tetranitrate or niannitol hexa- 
nitrate tablets- s simultaneous spectrophotometric analysis C Color- 
imetry- analysis. pentaerythritol tetranitrate or mannitol hexa- 
nitrate in tablets with phenobarbital UV spectrophotometry- 
analysis. phenobarbital in tablets with pentaerythritol tetranitrate or 
niannitol hexanitrate 

Phenobarbital, due to its sedative effect, has also been 
shown to have value in the prevention of angina pectoris 
attacks. I t  is not uncommon, therefore, to find pharma- 
ceutical preparations containing both phenobarbital 
and one of the organic nitrate drugs as active ingre- 
dients. The purpose of this study was to find a suitable 
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method for the simultaneous semiautomated determina- 
tion of this type of pharmaceutical formulation. 

Various chromatographic techniques fo,r the detection 
and estimation of organic nitrate esters have been 
reported, A column chromatographic scheme to sepa- 
rate many organic nitrate esters, .followed by a set of 
color tests for qualitative analysis was described (1). 
Paper chromatography followed by reaction with di- 
phenylamine under the influence of UV radiation was 
used (2) for quantitative estimation. GC (3) and TLC 
(4) techniques have also been reported. In general, 
however, chromatographic procedures are not well 
suited for automation. 

Polarographic (5) and titrimetric ( 6 )  procedures have 
also been described. However, most analytical methods 
for organic nitrate esters are spectrophotometric. 
Although IR methods are known (7, 8), colorimetric 
procedures are by far the most common. Nitration of 
phenoldisulfonic acid with the nitrate moiety of the 
ester to yield a colored ion in basic'splution is the basis 
of several procedures (9-12). 

Various methods have been developed in which 
nitroglycerin is subjected to alkaline hydrolysis with the 
formation of nitrite, which is then determined colori- 
metrically 11 3-17). Pentaerythritol tetranitrate and 
other related' compounds have ' been determined 
similarly (1  8). Several organic nitrate esters including 
pentaerythritol tetranitrate and mannitol hexanitrate 
were estimated (4) after extraction from TLC plates 
using alkaline hydrolysis followed by diazotization of 
sulfanilic acid and coupling with a-naphthylamine. 

One approach (17), usingp-chloroaniline and N-l-naph- 
thylethylenediaminc to form a color, was found to be 
satisfactory in the semiautomated determination of 
pentaerythritol tetranitrate or mannitol hexanitrate. 

A comprehensive review of methods available for 
barbiturates was given recently (19). A double-extraction 
UV spectrophotometric procedure (20) was chosen, 
with some modifications, as a basis for the determina- 
tion of phenobarbital. 

EXPERIMENTAL 

Reagents and Solutions-All chemicals used in this work uere of 

Table I-Effect of Phenobarbital on Pentaerythritol 
Tetranitrate Assay 

Phenobar- 

Pentaerythritol Concentra- Pen taer yt hri to1 
Tetranitrate tion, Tetranitrate 
Absorbances mg./100 ml. Absorbanceb 

Standard bital 

0.470 5.0 0.476 ( + I .  3%) 
0. 469 10.0 0.477 ( + I  . 5 Y )  
0 471 15 0 o 479(+1 g g j  
0 470 20 0 0 478(+1 7%) 
0 470 25 0 0 478(+1 7%) 

Average 0.470 30 0 0 479(+1 9:;) 
Range 0 4% 40 0 0 483(+2 8%) 

Average 0 478 
Range I 5 %  

Average error 1 1 7?< 

Standard = 15.0 mg./100 ml. *Average of three readings. 
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reagent grade except ti-propanol, which was of highest purity avail- 
able. 

Tet rumet l~y lu tnmo~i~~~~ Hydroxide, I.SF{--Dilute 150 ml. of 10:; 
aqueous tetramethylammonium hydroxide to 1 .0 1. with alcohol 
USP. Prepare fresh daily. 

Amine Solrttiotr---Dissolve 0.5 g. of N- 1-naphthylethylenediamine 
dihydrochloride in 100 ml. of concentrated hydrochloric acid. 
Dissolve 0.5 g. p-chloroaniline in 500 ml. of ti-propanol. Then mix 
both solutions together, cool, and dilute to 1 .0 1. with ti-propanol. 
Prepare fresh daily. 

Sirlfrrric Acid ( I  N) Suturufeii with Sodiitm Clr1oridi~- -Dilute 
27.8 ml. of concentrated sulfuric acid to 1.0 I .  with water. Add 
sodium chloride until saturated. 

Sodium Hydroxide (0.01 N) iii I :< Aqueous Sidiirm Chloride- . 
Dissolve 10.0 g. of sodium chloride in 500 ml. of water. Add 10.0 
ml. of a 1 h' aqueous sodium hydroxide solution and dilute to 1 .O 
I .  with water. 

Wash Solcetir-Prepare by mixing water, methjl isobutyl ketone, 
andalcohol USP(I : I  :2). 

Sfandurd Solrtrion-Add appropriate amounts of pentaerythritol 
tetranitrate or mannitol hexanitrate and phenobarbital correspond- 
ing to the amounts found in the sample (usually 10-20 mg. of 
pentaerythritol tetranitrate or 15-32 mg. of mannitol hexanitrate 
and 15-32 mg. of phenobarbital) to 25.0 ml. of water. Add 25.0 ml. of 
methyl isobutyl ketone and shake the mixture vigorously on a wrist- 
action shaker for 15 min. Dilute to 100.0 ml. with alcohol USP. 

Apparatus-The automated analysis system' consisted of the 
following components: a sampler 11: three proportioning pumps I ;  
two ~pectrophotometers~~3 modified by disengaging the wavelength 
scan drive, each equipped with a 10-mm. flow cell'; a heating bath 
constructed from a heating coil, temperature control box5, and a 

1 AutoAnalyzcr, Tcchnicon. Tarrytown. N. Y. 
2 Cary IS. Cary Instruments. Monrovia. Calif. 
3 Beckman DK-2A. Beckman Instruments. Fullerton, Calif. 

5 Chemical Rubber Co.. Cleveland. Ohio.  
A. H. Thomas Co., Philadelphia, Pa.  

cone drive stirrer'; and a water bath7 set at 5" .  A piece of glassine 
weighing paper was placed over the entrance to the photocell com- 
partments in the visible spectrophotometer. 

Procedure-The automated system is assembled according to the 
flow diagram shown in Figs. 1 and 2. Two proportioning pumps are 
used for the organic nitrate section of the system, and one propor- 
tioning pump is for the phenobarbital section. In performing the 
analysis, individual tablets are prepared according to the procedure 
given for the standard solution with the exception that an ultrasonic 
bath can be used to disintegrate the tablets in the water before the 
addition of methyl isobutyl ketone. The sample and standard solu- 
tions are sampled from 4.0-ml. polystyrene cups by the sampler. 
with a sampling rate of 20 cups/hr. and a sample-tewash ratio 
of 1 : I .  A sampling pattern of two standards, five samples, one stan- 
dard . . . five samples, one standard is used. The first standard peak 
is ignored in the calculations. 

After sampling, the flow is split into two streams. The stream for 
the phenobarbital determination is acidified with 1 N sulfuric acid 
and extracted with chloroform. The acid is saturated with sodium 
chloride to eliminate emulsion formation. The chloroform layer is 
then extracted with 0.1 N sodium hydroxide in I Fodiumchloride; 
sodium chloride is used to reduce the organic solvent solubility 
in the aqueous phase. A combination of two debubblers is used 
before the aqueous stream enters the flow cell to eliminate any air 
bubbles or chloroform drops. The spectral measurement is made 
against air as reference at  241 nm. 

The stream for the organic nitrate determination is diluted with 
butanol and extracted with water. The butanol layer (upper layer) 
is resampled. mixed with tetramethylammonium hydroxide solution, 
and delayed approximately 5 min. in a 70' heating bath to hydrolyze 
the organic nitrate ester and form nitrite. The solution is cooled to 
5", mixed with amine solution, and delayed approximately 5 min. 
at room temperature. The intensity of the resulting color is deter- 

6 E. H. Sargent & Co.. Chicago. 111. 
Magni whirl utility water bath, Bluc M Elcctric Co.,  Blue Island, 111. 
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Table It--Effect of Phenobarbital on Mannitol Hexanitrate Assay 

Phenobar- 
Standard bital 
Manni to1 Conccntra- Mannitol 

Hexanitrate" tion, Hexanitrate 
Absorbances mg./100 ml. Absorbanceh 

0 420 5 0  0 424 (+0 2 " o )  
0 420 10 0 0 423 ( 0 0 " ; )  
0 427 15 0 0 421 (-0 5:7) 
0.422 20.0 0.420 ( -0 .7  : d )  
0.426 25.0 0.416(-1.67<) 

Average 0.423 30.0 0.411 (-2.8:;) 
Range 1 . 6 %  40.0 0.407 (-3.8") 

Average 0.41 7 
Range 4.1 PJ 

Average error - I . 4  7; 

a Standard = 28.7 nig., I00 nil. b Aver'igc of thrcc rc;idings. 

Table Ill-Effect of Mannitol Hexanitrate on Phenobarbital Assay 
~~ 

Mannitol 
Hexanitrate 

Standard Conccntra- 
Phenobarbital,. tion, I'henoba r br t a I 
Absorbances mg./ 1 W ml. Absorbance" 

0.393 5.0 
0 .  392 10.0 
0.398 15.0 
0.395 20.0 
0.391 25 .0  

A vcrage 0.394 30.0 
Range I .8:/: 40.0 

Average 
Range 

Average error - 

~~~~ 

0 . 3 9 8 ( - t l  O",) 
0.392 (-0.5:'b) 
0.399 (+I . 3 " J  
0.390(-1.0:';) 
0 393 (-0.20;;)  
0.387 f -  1 .8 : ' ; )  
0.385 ( - 2 . 3 3  
0.392 
3.6";  

- 0 . 5 1  :,: 
(1 Standard - 1 5 . 1  nig. '100 nil. Average of three readings. 

mined at 570 nni. for pentaerythritol tetranitrate. Mannitol Iiexa- 
nitrate is determined off the niaxirnuni at 613 nm. t o  reduce sen- 
sitivity in order to accommodate normal dowge level\. trom tlic 
abSOrhdnCe vnlue\ the content per tablet i.i calculatetl. 

RESU1,TS AND I~ISCUSSION 

When tlic organic nitrate ester portion of the procedure was 
k i n g  developed. Schlieren effects were encountered in  the 10-mm. 
flow cell used i n  the spectrophotonieter. These effects. which mani- 
fest themselws by producing a jagged broad baseline, were eli- 
minated by using a stiggestcd'J procedure similar to ii reported tech- 
nique (21. 22). A piece o f  glasine weighing paper was placed over 
the entrance to the photocell coinpartments for both the sample and 
reference cells. The paper has a diffusing elTect on the light striking 
it and produces a steady baseline. Schlicrcii elt'ccts were not a prob- 
lem in the phenobarbital assay, since an aqueou\ rather than  an 
organic solvent passes through the flow cell. 

To obtain reproducible results for pentaer) thritol tetranitrate 
and mannitol hexanitrate. the cooling bath temperature must re- 
main constant. Apparently, the dialotimion coupling reaction 
is extremely temperature dependent. 

Conformity to Beer's law was obwrvcd for pentaerythritol 
tetranitrate, mannilol hexanitrate. iind phenobarbital over a range 
of concentrations exceeding those obtaincd from common dosage 
levels. 

The iiuinlxr of moles of nitrate ion released from 1 mole of ester 
upon alkaline hydrolysis was previously investigated. A lack of 
stoichiomtry for nitroglycerin was reported ( IS ) .  probably becaux 
of complex competitive reactions involved i n  the decomposition of 

D. J. Wiiitcrs. Food and Drug Admiiiistration. Cincinnari, Ohio, 
1971, personal coniinunication. 

Table IV-Effect of Pentaerythritol Tetranitrate on 
Phenobarbital Assay 

Penta- 
er yt hri to1 

Tetranitrate 
Standard Concentra- 

Phenobarbital' tion. Phenobarbital 
A bsor bances mg.jl00 ml. A bsorhane@ 

0.372 5 .0  0.371 (+0 .3%)  
0.372 1 0  . 0 0 .371  i+o.3%j 
0.372 15.0 0.371 (+0.3%) 
0.361 20.0 0.372 (+O.S%)  
0.372 25.1 0.371 ( + 0 . 3 2 )  

Average 0.370 30. I 0.377 (+I  . 9 5  
Range 3.07; 40.1 0.373 (+0 .8%)  

Average 0.372 
Range 1 . 6 x  

Average error + O .  54 7: 

( I  Standard = 15.1 mg.jI00 nil. * Average of three readings. 

nitrate esters. Others, however, reported (17) that nearly 2 moles of 
nitrate ion is released per mole o f  nitroglycerin. In addition, non- 
\toichiometric results for pentaerythritol tetranitrate were reported 
( 18). 

The alkaline hydrolysis of pntaerythritol tetranitrate and man- 
nitol hexanitrate through the present semiautomated system was 
investigated by comparing the absorbance obtained from the ester 
solutions to that ohtained from a definite concentration of nitrite 
solution. Since the partitioning of nitrite ions between butanol and 
water is considerably different from that for organic nitrate esters. 
the semiautomated sbsteni was modified to bypass the partitioning 
step for this cxlxriiiient. The modification consisted of attaching 
the exit end ofthe pol~ethqlcne tubing coil directly to the C-3 fitting 
(Fig. 2). Standard solutions of the esters were prepared using mix- 
tures of pcntacrythritol tetranitrate and lactose and of mannitol 
hexanitrate and I ~ C I O S .  which were previously standardired accord- 
ing to the N F  procedure (12). Potassium nitrite (0.1 M )  was stan- 
dardiLed against sulfanilamide and diluted to obtain a suitable 
concentration in a final solvent of water -methyl isobutyl ketone- 
alcohol USI' (1  : 1 :2). For every mole of ester, 3.48 moles of nitrite 
ion is released from mannitol hexanitrate and I .45 moles froin 
pentaerythritol tetranitrate under the given conditions of hydrolysis. 

Phenobarbital Interference in Nitrate Assay-The etfect of a varia- 
tion of phenobarbital concentration on the pentaerythritol tetra- 
nitrate and niannitol hexanitrate assays can he seen in Tables I and 
11. The average error in the nitrate results was less than 1 2 % .  The 
nature of this slight interference is unclear. Under actual sample 
assay conditions. phenobarbital is added to the nitrate standard and 
this small error is cssciitially eliminated. 

Nitrate Interference in Phenobarbital Assay-- -Tables Ill and IV 
show the effect of Ixntacr) thritcl tetranitrate and mannitol hexa- 
nitrate on the phenobarbital assay. In general, the interference is 
small and. as in the case of the phenobarbital interference in the 
nitrate assay. is eliminated by using a mixture of nitrate ester and 
phenobarbital for the phenobarbital standard. 

Table \'-Recoveries from Mixtures Ba5ed on Various 
Manufacturers' Formulations 

Manu- Dosage. Recoverya. 
facturer Composition mg./Ta blet ;,; 

~ ~ 

I Pentaerythritol 
tetranitrate 

Phenobarbital 
2 Pentaerythritol 

tetranitrate 
Phenobarbital 

3 Pent aerythritol 
tetranitrate 

I'henobarbrtal 
4 Mannitol 

hexanitrate 
Phenobarbital 

~~~ 

10 

15 
10 

15 
10 

15 
32.4 

16.2 

100.8 

100.8 
100.2 

100. I 
100.3 

102. I 
98.8 

102.4 

a Avcragc of five rcndings. 
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Table VI-Comparison of Semiautomated and Manual Results 
for Composites of Tablets from Various Manufacturers 

Results in Percent of Label -- Declaration- 
Dosage, Semi- 

Manu- mg./ auto- 
facturer Composition Tablet NF“ U S P  matedb 

I Pentaerythritol 
tetranitrate 

Phenobarbital 

tetranitrate 
Phenobarbital 
Pentaerythritol 

tetranitrate 
Phenobarbital 
Pentaerythritol 

tetranitrate 
Phenobarbital 

tetranitrate 
Phenobarbital 

tetranitrate 
Phenobarbital 

hexanitrate 
Phenobarbital 

hexanitrate 
Phenobarbital 

2 Pentaerythritol 

3 Pentaerythritol 

5 Pentaerythritol 

4 Mannitol 

2 Mannitol 

10 

15 
10 

15 
10 

15 
20 

16 
10 

15 
20 

15 
32.4 

16.2 
32 

16 

100. 1 

-_ 

100.7 

- 

101.4 

- 
99.8 

- 

101.3 

- 

98.0 

- 

96.0 

- 

101.8 

_ _  

- _  

99.0 
- 

97.4 
- 

98.7 
- 

95.0 
- 

91.6 
- 

98.3 
- 

97.2 
_. 

98.2 

101.6 

101.3 
97.6 

99.3 
99.4 

100.0 
98.3 

96.9 
101.3 

90.1 
95.5 

9 9 . 3  
94 .2  

100.0 
101.1 

98.8 

0 Average of two determinations. *Average of five rcadings. 

Accuracy-Recovery studies were made on mixtures containing 
excipients and active ingredients corresponding to several manu- 
facturers’ formulations (Table V). 

Several composites of 20 tablets each from various commercial 
samples were analyzed by the automated procedure and appropriate 
manual procedures. The N F  procedure for pentaerythritol tetra- 
nitrate tablets (12) was used for pentaerythritol tetranitrate and 
mannitol hexanitrate. A factor of 0.7456 was used to calculate the 
mannitol hexanitrate levels (10). Phenobarbital was assayed by the 
USP procedure for phenobarbital tablets (23). The results (Table 
V I )  are in agreement within * 3 7;. 

Precision-The system coefficients of variation for pentaeryth- 
ritol tetranitrate, mannitol hexanitrate, and phenobarbital were 
determined by measuring the absorbances obtained from a series 
of 25 cups of the appropriate standard solution.The following results 
were obtained: pentaerythritol tetranitrate, 1.60%; mannitol 
hexanitrate, 0.68%; and phenobarbital, 1.24%. 

Interferences --Low results for phenobarbital were obtained by 
the automated method for the analysis of tablets containing methyl- 
cellulose or carboxymethylcellulose, bince these agents inhibit the 
extraction of the barbiturate intochloroform. 

SUMMARY 

A semiautomated qxctrophotometric procedure has been de- 
scribed for the simultaneous determination of pentaerythritol 
tetranitrate or mannitol hexanitrate and phenobarbital present in a 
single tablet. 

Conformity to Beer’s law was observed for the three drugs over a 
range of concentrations exceeding those obtained from common 
dosage levels. 

The effect of one component on the assay results of the other is 
minimal at  common dosage levels and can be essentially eliminated 
by using a mixture of nitrate ester and phenobarbital for the stan- 
dard. 

Assay results by the semiautomated procedure are in agreement 
with those obtained by manual procedures within .+3:(. 

Methylcellulose and carboxyniethylcellulose interfered with the 
phenobarbital determination. 

REFERENCES 

( I )  T. C. J. Ovenston, Aiiulyst. 74, 344(1949). 
(2) B. B. Coldwell. ibid., 84, 665(1959). 
(3) E. Camera  and D. Pravisani, Ai id .  Chem.. 36. 2108( 1961). 
(4) D. B. Parihar, S. 1’. Sharma, and K.  K. Verma. J. Clirumrc- 

(5) A. L. Woodson and L. L. Alber, J. Ass. Oflc.  A d .  Cliem., 

(6) “The United States Pharmacopeia.” 36th rev., Mack 

(7) F. Pristcra, M. Halik, A. Castelli. and W. Fredericks, A m / .  

(8) J. Carol, J .  Ass. O/fic. AKr. Clieni., 43, ?59( 1960). 
(9) J. R. Hohmann and J. Levine, ihid.. 47, 471( 1964). 

togr., 31, 551(1967). 

52, 847( 1969). 

Publishing Co.. Easton, Pa., 1960. p. 31 I .  

Cliem.. 32, 493  1960). 

(10) E. Sarnoff, ibid., 39, 630(1955). 
( 1 1 )  “The British Pharmacopoeia.” The I’harmaceutical Press, 

London, England, 1968. p. 721. 
(12) “Third Supplement to the National Formulary,” 13th ed., 

Mack Publishing Co., Easton. Pa.. 1972, p. 1098. 
(13)  F. D. Snell and C. T. Snell, “Colorimetric Methods of 

Analysis,” vol. IV A, D. Van Nostrand, Princeton, N. J., 1967, p. 9. 
(14) G .  Hansen, Arch. Pliuriii. Cliam.. 65, 551(1958); through 

Cliem. Ahstr.. 52, 19018f( 1958). 
( I  5) F. K.  Bell, J. J. O’Neill, and K. M. Burgison, J. Pliccnn. Sci.. 

52. 637(1963). 
(16) F. K .  Hell. ibid.. 53, 7 5 3  1964). 
(17) C. E. Wells, H. M. Miller, and Y. H. I’fabe, J. Ass. Ofric. 

(18) V. Hankonyi and V. Karas-Gasparec. A i d .  C/imi., 41, 1849 

(19) J. W. Sutherkand. D. E. Williamson. and J. G. Theivagt, ihid., 

(20) F. A. Rotondaro. J .  Ass. O/fic. Agr. Cliam.. 41, 51 l(1958). 
(21) R .  A. Anderson, C. I’errizo, and S. A. Fusari. Aiii i ,  N. Y. 

Acurl. Sci.. 153, 471( 1968). 
(22) R. A. Andermi,  C. I’errizo. and S. A. Fusari, in “Automa- 

tion in Anal) tical Chemistry, Technicon Symposia 1966.’’ vol. I ,  
Mediad, White Plains, N. Y.. 1967, p. 267. 

(23 )  “The United States I’harmacopeia.” 18th rev.. Mack I’ub- 
lishing Co., Easton, Pa.. 1970, p. 190. 

Atiul. Cliem.. 53, 579( 1970). 

(1969). 

43, 206R( I97 I ). 

ACKNOWLEDGMENTS AND ADDRESSES 

Received April 23, 1973, from Detroit District. Food aiid Drug 

Accepted for publication June 13. 1973. 
* Present address: FDA National Center for Drug Analysis, St. 

A To whom inquiries should be directed. 

Administration, Detroit. MI 48207 

Louis, MO 63101 

Vol. 62, No. 10, Oclober 1973 0 1717 




