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The data indicate that 0.5-hour digestions are more than ade- 
quate for the destruction of the organic portion of a substance 
with compounds as refractory as tryptophan and that prolonged 
digestion can result in the oxidation of appreciable quantities of 
ammonia. Recent1)- it has been found that several compounds 
containing qiiaternary nitrogen groups gave very poor recovery 
of ammonia nitrogen by the sealed tube method, whereas the 
conventional Kjeldahl procedure proved satisfactory. A pre- 
liminary investigation has shown that t,he rate of increase of 
digestion temperature plays an important part in the resulting 
conversion to ammonia. Further study is being conducted on 
this prohlem. 

Because the addition of water to the digestion mixture de- 
creases the rate of oxidation of ammonia, temperature control 
need not be SO precise if the digestion mixture contains small 
amounts of water, and temperatures somewhat greater than 
470" C. may be used without loss of ammonia. 

A further study of the chemist,ry of the ammonia oxidation 
step is being conducted. I t  is hoped that sue11 a study will 

lead to a better understanding of the factors which may be con- 
trolled in this oxidation. 
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Determination of Hydroxy and Amino Compounds by a 
Chlorine-36-Isotope Dilution Method 
POUL SORENSEN 
Central  Laboratory, Sadolin & Holmblad, Ltd., Copenhagen, Denmark 

A modification of isotope dilution analysis is proposed 
by which i t  is possible to determine hydroxy and aniino 
compounds. The compound to be analyzed is quanti- 
tatively converted to a chlorine-containing derivative, 
and this is determined by an ordinary isotope dilution 
method. The principle has been applied to determina- 
tion of phenol, pyrocatechol, methanol, ethj-lene 
glycol, aniline, and ethylenediamine. 

ADIOACTIVITY measurements can be performed easily R and with good precision on chlorine-36 compounds (6). 
Chlorine-containing compounds may thus be determined with 
a corresponding precision by chlorine-36 dilution methods ( I ,  4). 

In  this paper a method is suggested by which non-chlorine- 
containing compounds may be analyzed by a chlorine-36 dilu- 
tion method. The compound to be analyzed is quantitatively 
converted to  a chlorine-containing derivative, and this is dc- 
termined by an ordinary isotope dilution method (4). 

The principle is a niodification of the method of Iieston and 
coworkers for the determination of amino acids (5). The amino 
acids, as radioactive derivatives, are analyzed by a reversed iso- 
tope dilution method, which has the advantage that isolation 
of the desired compound always is possible. However, the im- 
purities present in the mixture are highly radioactive and a 
very rigorous purification of the compounds is necessary. 

By the method here suggested no radioactive' impurities \vi11 
be present. It may sometimes be rather difficult to isolate a 
given compound, but when it can be done the method may be 
considered as absolutely specific for the compound in question. 

In  comparison with ordinary isotope dilutidn analysis the 
principle proposed has the following advantages: radioactivity 
measurements are done with chlorine-36, and therefore good pre- 
cision is obtainable; with one radioactive compound a whole 
group of compounds may be analyzed; and the reference com- 
pound of the analysis is a derivative of the compound to be an- 
alyzed. The derivative is usually much easier to  prepare in a 
pure state than the compound itself. 

The disadvantage of the principle is that the compound to hc 
analyzed must be quantitatively converted to a derivative. 

For the purpose 3-chloroanisic acid (Pmethoxy-3-chloro- 
benzoic acid) has been shown to be useful. Radioactive 3-chlo- 
roanisic acid can be prepared with an acceptably high yield of 
chlorine-36. Using an excess of 3-chloroanisoyl chloride, h! - 
droxy and amino compounds may be quantitatively chloroaniso! 1- 
ated. The derivatives obtained are crystalline and have sharp 
melting points. 

PREPARATION OF MATERIALS 

ilnisic Acid (p-methoxybenzoic acid). 

3-Chloroanisic Acid. 

.4 commercially avail- 
able product was recrystallized twice from toluene: melting point, 
184.0-184.5' C .  

The compound was prepared by chlo- 
rination of anisic acid by the method of Hopkins and Chrisholm 
( 2 ) .  , The crude product was crystallized twice from toluene: 
melting point, 216-217" C. 

A sus ension of 175 grams of 3- 
chloroanisic acid in 250 ml. of puriled thionyl chloride was re- 
fluxed until a clear solution appeared, and then further for 15 
minutes. After removal of the excess of thionyl chloride under 
diminished pressure the 3-chloroanisoyl chloride was distilled 
a t  1 mm. a t  120" to 125' C .  Yield, nearly quantitative; melting 
point, 64" to 65' C. Analysis: calculated for C8Ho02C1?, saponi- 
fiable chlorine, 17.3%; found, 17.4%. 

Chloroanisoylation of Hydroxy Compounds. The hydroxy 
compound and 50y0 excess of 3-chloroanisoyl chloride dissolved in 
pyridine n-ere heated to reflux for 20 minutes. After absolute 
alcohol was added to decompose excess 3-chloroanisoyl chloride, 
the mixture was poured into water. The precipitate was re- 
moved by filtration, washed with water, and crystallized to con- 
stant melting point from an organic solvent. 

The preparation 
Tvas the same as described above, except that  the reaction mix- 
ture was allowed to stand a t  room temperature for half an hour. 
If reaction occurs at refluxing temperature, each amino group 
may be partly dichloroanisoylated. 

For monohydroxy and monoamino compounds i t  may be ad- 
vantageous to use an excess of the hydroxy or amino compountl. 

Solvents for crystallizations were dioxane, absolute alcohol, 
methanol, and ligroine. 

Radioactive Compounds. 3-Chloro(36)-anisic ilrid. The 

3-Chloroanisoyl Chloride. 

Chloroanisoylation of Amino Compounds. 
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niethod mentioned here ($2) was used with some modifications. 
Radioactive elementary chlorine produced from 11.08 grams of 
active silver chloride ( 4 )  was absorbed in 120 ml. of 1N sodium 
hydroxide, 3.90 grams of anisic acid were added, and the solu- 
tion was placed in a closed flask provided with a dropping funnel. 
The flask was evacuated to a pressure of about 200 mm. and 
fiom the dropping funnel 130 ml. of 1N nitric acid were forced 
iiito the evacuated space by the atmosphere. This was followed 
11v 10 ml. of a 0.5% solution of sodium hydrosulfite to reduce 
unreacted chlorine. During the procedure the flask was shaken 
1 ) ~  hand. The precipitated 3-chloro(36)-anisic acid was re- 
moved by filtration, dried, and crystallized twice from 75 ml. of 
toluene. Yield, 3.22 grams; melting point, 216-217" C. 

The product was prepared with an activity of 1 microcurie per 
Iiiilliequivalent. 

Chlorine-36 was regenerated from chlorine-containing fractions 
:i- silver chloride. Yield of 3-chloro(36)-anisic acid of chlorine 
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consumed Tyas about 75%. 

( omnounds. 
Chloro(36)-anisoylation of Monohydroxy and Monoamino 

3-Chloro(36)-anisic acid was refluxed with 4 to 6 
times as much thionyl 'chloride and excess thionyl chloride wa8 
romoved as described earlier. The residue of crude 3-chloro- 
(86)-anisoyl chloride and 100% excess monohydroxy or mono- 
:imino compound, dissolved in pyridine, were refluxed for half 
:m hour. The reaction mixture was t,hen poured into water and 
the crude product obtained was purified by two crystallizations 
from an organic solvent. The mother liquor from the crystalliza- 
tions was saponified and some 3-chloro(36)-anisic acid could be 
rogenerat,ed. Yield of chloro(36)-anisoylated compounds based 
on 3-chloro(36)-anisic acid consumed mere 60 to 90%. The 
melting point of a product differed not more than a few tenths of 
R degree from that of the pure compound. 

Chloro(36)-anisoylation of Dihydroxy and Diamino Com- 
pounds. The reaction was first carried out with an excess of 
hydroxy or amino compound as described above. An excess of 
i tiactive 3-chloroanisoyl chloride was then added. After the 
rraction had finished alcohol was added, the mixture was poured 
into water, and the product was purified as mentioned above. 

41'1'4R 4TU S AYD 31 E 4 SUREMENTS 

Determination of Purity. The purity of a derivative was de- 
termined from the melting point ( 4 ) .  

The molar melting point depression must be determined for 
each component to be analyzed. 

Radioactivitv Measurements. The technique has been 
described ( 5 ) .  

corresponding to a standard deviation of 0.6 to 0.7%. 
A ratio of two activities was determined with a statistical error 

4NA LYTIC 4 L PROCEDURES 

Reagents. 3-Chloroanisoyl chloride; distilled, melting point, 

3-Chloroanisoyl derivative of compound to be analyzed; pure. 
3-Chloro( 36)-anisoyl derivative of compound to be analyzed. 
Pyridine; reagent grade, dried over barium oxide. 
Dioxane; alcohol (99.5 to 99.9%); methanol; ligroine; all of 

reagent grade. 
Preparation of Active Solution. Dissolve an amount of the 3- 

c.hloro( 36)-anisoyl derivative corresponding to 0.7 microcurie in 

64-65' C. 

100 ml. of dioxane. 
Weigh accurately about 

200 mg. of the 3-chloroanisoyl derivative (inactive) and 1.5 ml. 
of active solution. A4dd dioxane to the mixture until a clear 

Preparation of Standard Sample. 

solution is obtained by boiling. Pour into water and recrystal- 
lize the product 

Procedure. Weigh in a test tube an amount which is esti- 
mated to contain about 1 meq. of the compound to be analyzed. 
Add 3 ml. of pyridine and about 0.8 gram of 3-ehloroanisoyl 
chloride and shake until the 3-chloroanisoyl chloride has dis- 
solved. If a hydroxy compound is to be analyzed, reflux for 20 
minutes; if an amino compound is to be analyzed, allow to stand 
at, room temperature for half an hour. Add 3 ml. of alcohol and 
boil for a moment. .4dd 1.5 ml. of active solution, and deter- 
mine the amount accurately by weighing before and after addi- 
tion. Heat the mixture to clear solution and pour into 100 ml. of 
water. Remove crystals by filtration, and wash with water, and 
finally with 2 ml. of methanol. Crystallize from an appropriate 
solvent until the melting point differs by less than 1' from that 
of the pure 3-chloroanisoyl derivative. Determine the purity 
from the melting point, Measure the specific activity (activity 
per unit weight) of this final sample as a ratio of the specific ac- 
tivity of the standard sample (correct for background and self- 
absorption ). 

Table I .  3-Chloroanisoyl Derivatives 
Analysis, % C1 

Compound N . P . ,  c. Formula Calcd. Found 
Phenol 141.7-142.0 C14HiiOaCI 13.51 13.46 
Pyrocatechol" 174.4-174.9 C22HdhC12 15.86 15.82 
Methanol 94.0-  9 4 . 3  CsHsOaCl 17.69 17 .78  
Ethylene glycoln 1 8 6 , 5 1 8 6 . 7  C18H1606Ck 17.70 17 .80  
Aniline 169,2-169.5 CitHi20KIN7 13 .56  13 .63  
Ethylenediaminea 243.7-244.1 ClsHlsOaClA 2 17.85 17 .74  
Di- (3-chloroanisoyl) derivative. 

CALCUL l T l O N  

and 
molecular n-eight of compound X R 

molecular weight of chloroanisoyl derivative Mg. of compound = ~ 

\vhere 
specific activit,y of filial sample 

specific activity o f n d a r d  sample 
) ' =  

-4 = mil1igr:rms of active solution added 
R = milligrams of 3-chloroanisoyl derivative present after 

reaction with 3-chloroaniso> 1 chloride 
n = milligrams of act,ive solution used in preparing standard 

sample 
b = milligrams of 3-chloroariisoyl derivative used in pre- 

paring standard sample 
y = milligrams of 3-chloroanisoyl derivative per milligram 

of active solution 
P = pcr cent purit,y of final sample 

EXPERIMENTQL 

The method has been applied to the assay of the following 

1. Phenol, analyt'ical grade. 
2. Pyrocatechol, c.P., the product, was recrystallized twice 

from benzene, melting point. 104.5-105" C. 
3. Methanol, reagent grade, n-ater-free. 
4. Ethylene glycol; the product was obtained as a middle 

fract,ion by distillation of a technical product. 
5 .  aniline, reagent grade. 
6. Ethylenediamine; a commercial product was dried with 

potassium hydroxide and distilled in a vacuum. Titration 
with 1X hydrochloric acid showed a content of 81.9% ethylene- 
diamine (monohydrate 76.970). The values in Table IX repre- 
sent the amount,s of 100% ethylenediamine calculated from the 
titration value. 

The data concerning the 3-chloroanisoyl derivatives are listed 
in Table I. 

In the experiments the samples for radioactivity measurements 
were purified until the melting point differed by less than 0.2" 
from that  of the pure substance. The correction due t o  the 
purity is then very small and an estimated melting point de- 
pression of 0.5' per per cent of impurity was used. 

Only in the analysis of methanol was the difference in melting 
points about l o ;  the melting point depression was determined to 
be 0.5' per per cent content of ethyl-3-chloroanisate. 

compounds: 

n*< = 1.4298. 

DETERMINATION OF PHENOL 

The derivative was purified by crystallizing from 10 ml. of 
alcohol, 5 ml. of alcohol, and twice from 10 ml. of methanol. 

DETERMINATION OF PYROCATECHOL 

The derivative was purified by two crystallizations from 25 ml. 
of alcohol. 

DETERMINATION OF iMETHANOL 

The usual procedure had to be modified. About 3 meq. of 
methanol were required in the analysis and 1.2 grams of 3-chloro- 
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anisoyl chloride were added. The derivative was crystallized 
twice from 5 ml. of methanol and once from 5 ml. of ligroine 
(Table V). 

DETERMINATIOh- OF ETHYLEh-E GLYCOL 

The derivative was crystallized twice from 10 ml. of a dioxane- 
alcohol mixt’ure (1 to 1) .  

DETERMINATION OF ANILlNE 

The derivative was crystallized from 5 ml. of alcohol and twice 
from 10 ml. of 61% alcohol. 

DETERMINATION OF ETHYLENEDIAMINE 

The derivative was crystallized from 20 and 10 ml. of alcohol. 

ni scus s i o ~  
Experiments with varying excess of 3-chloroanisoyl chloride 

(Tables I11 and VIII)  show that the chloroanisoylation may be 
considered to be quantitative. Even moderate amounts of 
water are permissible (Tables I1 and 1x1. 

When it is possible to isolate the desired derivative, a content 
of homologs will not fundamentally disturb the determination. 
It was usually considered as outside the scope of this investiga- 
tion to develop methods of purification when homologs were 
prwent. However, the methods indicated may often give suffi- 
cient purification (Tables I1 and VIT). 

Table 11. Determination of Phenol 
Recovered 

Phenol, M g .  Mg. % 

a 5 m g .  of o-, 5 mg. of m-, and 5 mg of pcresol 
b 10 mg. of water added to  sample 
C 25 mg. of water added to sample. 
d 50 m g .  of water added t o  sample. 

99.7 
100.0 
100.1 
101.0 
100.7 
100.1 
100.5 
100.7 
100.1 
99.3 
94.3 

added to  sample. 

Table 111. Effect of Varying Excess of 3-Chloroanisoyl 
Chloride on Determination of Phenol 

3-Chloroanisoyl Recovered- 
Phenol, h l g .  Chloride, ME. Rfg. % 

100.9 
102.4 
104.2 

400 
600 
600 

100.2 99.3 
103.1  100.7 
104.4 100.2 

Table IV.  Determination of Pyrocatechol 
Recovered 

Pyrocatechol, Mg. M g .  % 
64.9 64 0 98 6 
63 5 63 2 99 5 
64 3 63 9 99 4 
65 3 64 4 98 6 

Table V. Determination of ,Methanol 

Methanol, Mg M g  % 
Recovered 

97.2 
95.6 
9 5 . 6  
96.7 
9 6 . 6  

9 6 . 5  99.3 
97.3 101.8 
9 5 . 6  100.0 
96.5 99 .8  
9 7 . 2  100,6 

Table VI. Determination of Ethylene Glycol 
Recorered - 

Ethylene Glycol, Mg. R.f kz % 
39.8  
39.0 
40.6 
3 9 . 2  

39.3 98.5 
38.3 98.2 
40.4 9 9 . 5  
38 .7  9 8 . 7  

Table \ I I .  Determination of Aniline 
Recoi ered ~ _ _ _ _  

4niline. l f g  11 g Yo 
9 4 . 8  
98.5‘ 
98 .0Q 
99.1“ 
98.4‘7 

9 5 . 1  100.3 
98.0 99,5 
9 7 . 8  9 9 . 8  
98 .0  98.9 
97.5 9 9 . 1  

a To the sample were added 5 mg. of o- and 5 mg. of p-toluidine 

Table VIII. Effect of Varying Excess of 3-Chloroanisoyl 
Chloride on Determination of Aniline 

3-Chloroanisoyl Recovered 
.4niline, M g .  Chloride, hlg.  Mg. 7% 

97.2 
94.7 
96 .0  

300 
400 
600 

9 7 . 2  100 0 
9 5 . 0  100 3 
96 .1  100.1 

Table IX. Determination of EthSlenediamine 

Ethylenediamine, RIg 1 I g  c7 
Recovered 

24.95 23.5 94.2 
25.3.5 23.2  93.5 
24 85 23. I 95.4  
25.15 2-1.0 95.4 
2 5 . 0 5 =  23.9 95,4  
26. 4OU 24 G 9 2 . 8  
25 .60b  21.0  82.2 
26.055 21 4 8 2 . 1  

a 10 mg. of water added to sample. 
b 25 mg. of water added to  sample 

In  some of the series (Tables IV, VI, and I X )  values a little too 
It seems reasonahle to suppose that the com- 

The precision of the final result will usually be determined 

low are found. 
pounds analyzed were not pure. 

mainly by the preciqion of the radioactivity nieasurements. 
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Correct ions 
In  the article on “Automatic Titrating and Recording Appa- 

ratus for Microbiological Assays” [Eades, C. H., Jr., McKay, 
B. P., Romans, W. E., and Ruffin, G. P., ANAL. CHEM., 27, 123 
(1955)] reference (9) should read: McKay, B. P., and Eades, 
C. H., Jr., Zbid., 27, 123 (1955).  In  the article on “Electro- 
magnetic Laboratory Valve” [McKay, B. P., and Eades, C. H., 
Jr., AXAL. CHEM., 27, 163 (1955)] the reference given in the 
fourth line of the first paragraph should read: Eades, C. H., Jr., 
McKay, B. P., Romans, W. E., and Ruffin, G. P., ANAL. CHEM., 
27, 123 (1955). 

In the article on “Potentiometric Titration of Very Weak 
Acids [Deal, V. Z . ,  and Wyld, G. E. A,, ANAL. CHEM., 27, 47 
(1955)l the second sentence under Solvent Effect on page 48 
should read: “Carboxylic acids, on the other hand, titrate as 
moderately weak acids in water, as weak acids in dimethyl form- 
amide, and as strong acids in ethylenediamine.” 


