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Part  I. -- The  M i c r o d e t e c t i o n  of l~a t t y  A c i d s  

The present discussion will be restricted to a summary of the work 
that  has been done during the past few years in the author's laboratory 
in the application of micromethods to the identification of organic com- 
pounds. Some of this work has been published1, 2 but the main parts 
of this presentation on the characterization of Miphatic carboxylic acids 
and the use of tetrazolium salts as microchemical reagents have only 
recently been completed. 

Proof of Identity 

The determination of the identity of an unknown organic compound 
involves proof that  the unknown bears complete similarity to one of the 
large number of organic compounds described in the literature. Thus the 
proof that  A is identical to B from an operational point of view means 
that  when A and B have been purified by several fractionations they 
exhibit substantially identical physical and chemical properties. 

Some proofs of identity are more rigorous than others, depending upon 
the number and kind Of properties that  have been determined and 
compared. For example, in routine work the proof that  A and B are 
identical is made frequently after one or two tests that  are based on the 
formation of a colored complex or a precipitate, or generally on the 
similarity of behavior of A and B towards a reagent C. Such practice is 
admissible in routine work with certain reservations. For example, if 
an acidic solid is isolated from a natural product and is identified on the 
basis of color tests as d/-tartaric acid and it melts at 204 ~ to 206 ~ with 
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some decomposition, such identification is tentative. For a definite 
proof according to the author's point of view it would be necessary to 
show that  the melting point does not change on further fractionation 
or when admixed with known pure all-tartaric acid. The same proof may 
be effected by preparing a derivative such as the p-nitrobenzyl ester or 
the amide of the compound and determining their melting points. In 
general, proof of identity on the basis of one physical constant and one 
color reaction (particularly of liquid compounds), though admissible in 
a number of instances, is not regarded as conclusive. The reason for this 
is that  few color reactions are specific for a particular organic compound. 

For absolute proof of the identity of any organic compound the author 
believes that besides the usual color classification reactions, data on at 
least two constants should be available, one of which preferably should be 
the melting point or some other constant of a derivative of the compound 

�9 under investigation. The reasons for this thesis will be clarified by the 
discussion in the following sections. 

Systematic Determination of Identity 
The systematic determination of identity involves the following three 

steps : 

1. Is the unknown a pure compound or a mixture ? I t  is seldom that  
one meets with an unknown which is a relatively pure compound, unless 
it is handed in a test tube, vial or bottle as an "unknown" to the student�9 
The first step, therefore, involves the determination of the number of 
components in the unknown and the isolation and purification of the 
various components before any of the other steps are taken. 

2. Once one or more relatively pure compounds have been isolated, 
it is possible by following one of the standard schemes of qualitative 
analysis to assign the unknown first to a large group of compounds on 
the basis of solubility, elements present, and reaction to indicators. 
Then stepwise tests restrict the classification to fewer and fewer possibili- 
ties, until by correlation of all the data available a provisional assumption 
can be made that the compound on hand bears similarity to a compound 
listed in the literature. 

3. Finally the provisional assumption is confirmed or discarded by 
reactions of the unknown with definite reagents whereby so-called deri- 
vatives are obtained, which are then compared with the melting points 
of the same derivatives described in the literature for the compound 
provisionally assumed to be identical with the unknown. 

Modification of the Systematic Approach 
The systematic approach is usually modified in the hands of the 

experienced worker, particularly when the quantities of the' isolated un- 
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known are in the milligram range, or When it is extremely difficult to  
isolate a pure substance. The experienced worker can often identify 
substance without going through the systematic steps outlined above. 
For example the melting phenomena observed through the microscope 
on a hot stage s frequently give hints, regarding the probable nature of  
the material, particularly when its origin and use are known. In  such 
cases it is possible to modify the systematic procedure by  elimination of 
some of the steps such as the anMysis for elements and the solubility tests. 
Often the practice in such eases is to perform one or two color tests and 
eliminate the derivatization step. In  the author 's  opinion this is admissible 
in routine work when the origin and use of the substance sought is known. 
However, since most  of the color or precipitation tests are not specific i t  
appears tha t  for a rigorous proof at  least one or two constants are required. 

The use of micromethods in the identification of organic compounds 
is indicated not only when the quanti ty of material under investigation 
is limited to a few milligrams, but  also when the amount  of material  is 
large, for obvious reasons. When the quanti ty is large it is relatively 
simple to separate a mixture into pure components and then determine 
the constants and identity of each. However, with microquantities there 
is a natural  tendency to avoid isolating pure substances. In  such eases 
the melting or~boiling points are wide ranges of temperature  which can 
ha rd ly  be called physieat constants. This is particularly true when an  
a t tempt  is made to identify organic substances in microgram quantities. 

The Identification of Microquantities of Organic Substances 

When the amount of material under investigation is a few milligrams 
it is possible to adapt  the classical steps of the systematic determination 
of identi ty to small quantities. The work of Schneider ~, Cheronis and 
E n t r i k i n  s and Cheronis 2, outlines procedures by which all the identification 
steps can be carried out with milligram quantities. Furthermore,  the 
work of lVeigl and his collaborators 6 o n  "spot  tests" constitutes a wor thy 
contribution which may  be employed to great advantage as an integral 
par t  of a scheme of identification, particularly when dealing with micro- 
quantities. 

The advance of chromatographic procedures within t h e ' p a s t  years 
has provided an excellent tool for the detection and separation in a mixture 
of microgram quantities o f  substances tha t  are extremely difficult or 
impossible to identify in such concentrations by other simple procedures. 

The advances in the microidentification of organic compounds de- 
scribed in the present paper deal with the microderivatization of f a t ty  
acids and the detection of a number of reducing functions of organic 
compounds in microgram quantities. However, it should be pointed out 
tha t  the determination of Rf values may  serve as constants in micr(~ 
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identification work. For  example, let it  be assumed tha t  one deals with 
5 ml of an aqueous solution containing a mixture of 100 mg of two alcohols 
and a carboxylic abid. The separat ion of the mixture into pure components 
and the determinat ion of their  physical  constants would be extremely 
difficult even for the most experienced microchemist. However, it  is possible 
to make a tenta t ive  identification of the three components by  functional 
group tests  and then to convent a par t  of the mixture  into the 3.5-dini- 
trobenzoates of the alcohols and another into the 2.4-dinitrophenylhydra- 
zJdes as described in this paper. Small droplets of the solutions containing 
2 to 5 micrograms of the derivatives are chromatographed alongside the 
same derivatives from the pure compounds ten ta t ive ly  assumed to be 
identical with the unknowns. I f  the spots of the developed chromatograms 
have travel led the same distance and are similar in other respects, the 
identification may be considered as rigorous as if the components of the 
mixture  had been fract ionated and the boiling or melting point of each 
had been determined. 

Microderivatization of Fatty Acids 

The pr imary  objective of the investigation on fa t ty  acids 7 was the 
s tudy of their  known derivatives and the development of new ones that, 
could be prepared with microquantit ies and produced and identified on a 
paper chromatogram. 

Table 1 represents the to ta l  number of derivatives described in the 
literature for the derivat izat ion of carboxylic acids: 

Table 1. D e r i v a t i v e s  D e s e r i b e d  in t h e  L i t e r a t u r e  for  t he  D e r i v a t i -  
z a t i o n  of  C a r b o x y l i c  A c i d s  

General Nature of Derivatives 
R~umber of 

different deriva- 
t iveswithin each 

group 

I~  

II. 

III. 

IV. 

Amides and Substituted Amides (Amides, Anilides, 
Toluidides, Xenylamides etc.) . . . . . . . . . . . . . . . . .  

I-Iydrazides and Ureides (I-Iydrazides, Phenylhydra- 
�9 zides, Monothioureides, etc.) . . . . . . . . . . . . . . . . . . . . .  

Esters (p-Nitrobenzyl, p-Bromophenacyl, etc.) . . .  

Salts and Miscellaneous Derivatives (BenzyI- 
ammonium, S-Benzylthiuronium, I-Iydroxamates, 
etc.) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Total number of derivatives . . . . . . . . . . . . . . . . . . .  

36 

13 

9 

18 

76 

The principal requirements for suitable derivatives were first that 
they could be prepared in quantities of one milligram or less, and second 
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t h a t  the i r  presence on a ch roma tog ram could be r ead i ly  de tec ted .  The  
reason for the  second r equ i remen t  is shown in Table  2. Inspec t ion  of  the  

Table 2. C h a r a c t e r i z a t i o n  a n d  S e p a r a t i o n  o f  F a t t y  A c i d s  b y  P a p e r  
C h r o m a t o g r a p h y  

Type of F a t t y  Acids Derivative Solvent System Indicator  for Literature 
Chromatographed Location of Spots Reference 

L o w e r  . . . . . . .  s,  9, i0 

Lower 

Lower 

Lower and 
Higher . . . .  

Lower . . . . . .  

Lower and 
Nigher . . . . .  

Lower and 
Mixtures . . .  

Free  acids or 
Na, NI-I 4 etc., 
salt  
Free acids or 
Na, NtIa  etc., 
salt  
Free  acids or 
Na, NHa etc., 
salt  

Free acids or 
Na, N H  4 etc., 
salt  

Hydroxamates  

Hydroxamates  

t Iydrazides  

1-BuOH-NH a- 
HsO 

1-BuOH-NH s- 
H20 

1-BuOH-EtNH 2- 
H~O 

1-BuOH-(Et)2- 
NH-H20  
EtOH-NHa-H20 

1-BuOH-AeOH- 
HsO 
C6H6-AeO])I-HsO 

1-BuOH-H20 
Et-Aceta te-H20 

i-AmOH-Colli- 
dine-HsO 

Bromocresol 
Green 

Bromophenol 
Blue 

Ag(NH 3) 2 + 
(H~O)~ 

Bromophenol 
Blue 
Chlorophenol 
Red  
Bromoeresol 
Purple and 
CHsO 
FeC1 a 

FeC13 

Ag(NHs)2 + 
BuOH 

II 12 

13 14 

15 16 

1'/ 

18 19 

20 

21 

22 

23 

t ab le  will disclose t h a t  the  ind ica tors  which are employed  to locate  the  
spots  are  p~  indicators ,  ammon iaca l  si lver n i t ra te ,  and  ferric chloride,  
all  of  which have  definite defects.  

Genera l ly  po lyn i t ropheny l  der iva t ives  of  amino acids 2~, alcohols 25 
a n d  ca rbonyl  compounds  26 are  de tec tab le  in mic rogram quant i t i es  b y  
p a p e r  ch romatograph ic  procedures .  Therefore  the  p -n i t robenzy l  and  the  
2 .4 -d in i t robenzyl  esters  and  the  2 .4 -d in i t ropheny]hydraz ides  were selected 
for  inves t iga t ion .  

The  p -n i t robenzy l  es ters  of  the  f a t t y  acids C 1 to  C 4 and  C 6 m e l t  a t  
31 ~ 78 ~ 31 ~ 35 ~ and  43 ~ respect ive ly ,  while the  de r iva t ives  of  C s to  C10 
are  oils. Therefore  t h e y  were re jec ted  as unsui tab le .  The 2 .4-d in i t robenzyl  
esters were inves t iga ted .  Only  the  ace ta te  was r epor t ed  in the  literature27 ; 

M i k r o c h i m .  A c t a  1956/1- -6  59 
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a t t empts  to prepare  the  der ivat ives  of  the  acids C3 to C 7 gave a solid 
mel t ing at  66 ~ to 67 ~ for the propionic and oils for the others. There-  

Table 3. D i n i t r o p h e n y l h y d r a -  
z i d e s  o f  F a t t y  A c i d s  R e p o r t e d  

in  t h e  L i t e r a t u r e  

Fat ty  Acid Melting Point Literature 
C O Reference 

C1 

C2 

C12 
C:4 
C16 
C:s 

183-- 184 
197-- 198 
197--198 
110--111 

118 
120--121 

123 

2 8  

2 8  

29 

30 

30 

30 

3 0  

fore the 2.4-dini trobenzyl  esters 

were abandoned.  

The 2 .4-dini t rophenylhydrazides  

of  the f a t t y  acids repor ted  in the  

l i te ra ture  are shown in Table  3. 

The methods  for the prepara-  

t ions of  these der iva t ives  were in- 

vest igated,  a sat isfactory me thod  was 

developed and the pure  der iva t ive  of  

the acids Ca, C~, C 4, C 5, C e, C 7, C s, 

C9, C10, C12, Cla, C16 and Cls were 
preparedl  analyzed,  and their  mel t ing 

points  determined.  These are t abu la ted  
in Table  4. Of these, eight  (asterisked) were not  previously  repor ted  in 

the h te ra tu re  and for those repor ted  no analyt ica l  da ta  were given. 

Table 4. 2 . 4 - D i n i t r o p h e n y l h y d r a z i d e s  o f  F a t t y  A c i d s  

Acid 

Acetic . . . . . . . . . .  

*Propionic . . . . . . . .  
*Butyric . . . . . . . . .  
*Va!eric . . . . . . . . . .  
*Caproie . . . . . . . . .  
*Heptanoie . . . . . . .  

(Oenanthie) 
*Caprylic . . . . . . . . .  
*Nonanoie . . . . . . . .  

(Pelargonic) 
*Capric . . . . . . . . . .  

Lauric . . . . . . . . . .  

Myristic . . . . . . . . .  

Palmitic . . . . . . . . .  

Stearic . . . . . . . . . .  

Carbon 
Atoms 

C2 

C 3 
C~ 
c~ 
C6 
C7 

C8 

C9 

C 10 

C14 

Cls 

2.4- Dinit rophenylhydr azides 

Melting Point 

, 198--199 
(197--198) 
189--190 

165 
131--132 
117--118 
108--109 

107--108 
108--109 

115-- 116 
117-- 118 
(ii0--iii) 
119--120 

(118) 
118--119 

(120-- 121) 
120-- 121 

(123) 

Difference 
oc*, 

9 
24 
34 
14 
10 

1 
1 

8 
2 

2 

1 

2 

Calculated 
N % 

23.3 

22.0 
20.9 
19.9 
18.9 
18.1 

17.3 
16.6 

15.9 
14,7 

13.7 

12.8 

12.1 

Found 
N% 

23.3 

22.1 
21.1 
20.1 
18.3 
17.8 

16.7 
16.3 

16.2 
14.9 

13.3 

12.5 

12.1 

* Derivatives not previously reported. 
** Difference in melting temperatures between adjacent members of the 

series. 
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Inspection of the column which shows the differences in the melting 
temperatures of adjacent members of the series (Table 4) shows that  there 
is sufficient spread for 
the first seven members, 
but  negligible between C s 
and C9, and small differen- 
ces between C12 and Cls. 

Chromatographic 
Characterization 

Holman al has reviewed 
the chromatographic ana- 
lysis of fa t ty  acids and 
related substances by  
elution analysis, frontal 
analysis, displacement 
analysis, partition chro- 
matography and paper 
chromatography. Asse- 
lineau as, Govindarajan as, 
Jacobsberg u, and Kau/-  
mann s ~ have reviewed the 
application of paper chro- 
matographic methods to 
the analysis of carboxylic 
acids. 

In order to determine 
the best solvent system a 
variety were investigated 

7,0 
Solvent Front mll  1 

~7-- 

:t 
0,4 

g,Z 

0 
2 3 ~ 5 E ? 8 # 70 /2 I~ 16 I~ 
illuliG~el ' o f  ~<Tfbol;' Atol;18 i'ii Pefl'V~i'Z~d ACIO' 

Fig. 1. Composite of several paper strip ehromatograms of 
the 2.4-dinitrophenylhydrazides of saturated normal aliphatic 
earboxylie acids with 0.05~I potassium benzoate saturated 
with methyl ethyl ketone as solvent, 100 minutes at 25 ~ 

(test tube method) 

as shown in Table 5. The pure 2.4-dinitrophenylhydrazides were used 
on separate strips and then the strips used to prepare a composit e 

Tab le  5. S o l v e n t  S y s t e m s  I n v e s t i g a t e d  f o r  D e v e l o p m e n t  o f  P a p e r  
C h r o m a t o g r a m s  o f  2 . 4 - D i n i t r o p h e n y l h y d r a z i d e s  o f  F a t t y  A c i d s  

1. Ace tone- t tC1-HsO 
2. Ace tone -HC1-NH s 
3. 1 - B u t a n o l - H s O - N H  s 
4. 1 -Bu tano l - ace t i c -HsO 
5. Benzene-ace t i e -H~O 
6. CCla-acetie-H~O 
7. CHCls- i sopropyl  a l coho l -po t a s s ium 

b e n z o a t e - w a t e r  
8. Col l id ine-water  

9. Col l id ine- t -Amyl  a lcohol -HeO 
10. M e t h a n o l - w a t e r  
11. Pheno l - i soamy l  a lcoho l -HsO 
12. Py r i d ine - i soamy l  a lcoho l -HsO 
13. t - B u t y l  a lcohol -buffer -p i  t 11.0 
14. M e t h y l  e thy l  k e t o n e - H s O - N H  a 
15. M e t h y l  e thy l  ke tone-HsO-HC1 
16. Buf fe red  so lu t ions  a t  va r ious  p]~ 

59* 
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chromatogram. For the characterization of microgram quantities of 
a relatively pure fa t ty  acid or a fa t ty  acid admixed with a small amount  
of impurity the solvent system is not too critical. The acid is converted 
to the 2.4-dinitrophenylhydrazide, then 1 to 3 #g can be placed on a strip 
and developed alongside of the same derivative from a pure fa t ty  acid 
which is provisionally assumed to be identical with the unknown. Com- 
parison of the R! values of the two spots affords the same comparison as 

tha t  of the values of their 
2"give/If Front  

 lmlll I 

r i  r!ll 0 
Z 3 r .4 6 7 ,~ ~ lO I f  1~ s6 10 

Nisin~ef o f  6~erboz AtonTs i'n DOrl~fi'zed Au/# 

Fig. 2. Composite of several paper strip chromatograms 
of the 2.4-dinitrophenylhydrazides of saturated normal 
aliphatic carboxylic acids with p 8.6 sodium llydroxyde- 
boric acid buffer saturated with methyl ethyl ketone as 

solvent, 100 minutes at 25 ~ C (test tube method) 

melting points. Similarly a 
composite spot made with 
1 ttg of each derivative when 
properly developed serves as 
a mixed melting point. 

However the separation 
of the 2.4-dinitrophenyl- 
hydrazides of all the fa t ty  
acids by  chromatographic 
procedures is not an easy 
matter .  Inspection of the 
fa t ty  acids listed in Table 4 
indicates tha t  adjacent 
members of the homologous 
series differ only by a CH~ 
group and tha t  mal~y have 
relatively high molecular 
weights; hence difficulty in 
their separation should be 
anticipated. 

I t  was generally found 
tha t  solvent systems cont- 
aining a high proportion of 
organic solvent, whether 
acid, neutral or basic (which 

are commonly used in chromatographic procedures)gave little or no 
separation. As the aqueous component of the solvent system was 
increased the derivative of the lower molecular weight acids moved 
more rapidly than those of the higher acids, and "tailing" increased. 
Fig. 1 shows a composite of paper strip chromatograms of the 2.4-dini- 
trophenylhydrazides of the fa t ty  acids using 0.05 M potassium benzoate 
saturated with methyl ethyl ketone. By using various buffers from pg  
8.6 to pg  12.0 Saturated with methyl  ethyl ketone it was found 
possible to study the effect of pg  on the various RI values of the 
2.4-dinitrophenylhydrazidcs. Fig. 2 shows a chromatogram of the 
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d e r i v a t i v e s  a t  p g  8.6, :Fig. 3 a t  pE  11.0, :Fig. 4, a t  pH 11.6, a n d  :Fig. 5 

a t p H  12.0". : " "  " " 

I t  was  f o u n d  t h a t  t h e  o p t i m u m  a m o u n t  of  t h e  s a m p l e  t o  be  p l a c e d  

on  t h e  s t r ip  is a b o u t  1 to  3 # g  a n d  t h e  o p t i m u m  p~  b e t w e e n  11.2 a n d  

11.6. :Fig. 6 i l l u s t r a t e s  a sha rp  s e p a r a t i o n  o f  t h e  2 . 4 - d i n i t r o p h e n y l h y d r a z i -  

des  o f  t h e  C2 to  C 9 f a t t y  ac ids  f r o m  those  o f  C12 to  Cls homologs ,  us ing  a 

buffer  o f  pH 11.6. F ig .  7 re-  

p r e sen t s  t h e  i den t i f i c a t i on  1,0 

o f  a t h r e e - c o m p o n e n t  mix -  
tu re .  o,g 

Operational Procedures for o,6 
the Preparation and Chro- 
matography of the 2.4-Din i -  o,7 

trophenylhydrazides of  
Fatty A c i d s  o,6 zp 

A mix tu re  of  0.30 mg  of o,5 
capric acid  and 0.30 m g  of  
pa lmi t ic  acid is neut ra l ized  
wi th  0.16 m g  of sodium car- g'~ 
bona te  in 0.5 ml  wate r  in a 
6-inch tes t  tube.  The  mix-  63 
ture  is evapora t ed  on a s t eam 
b a t h  and dr ied in an  oven o,2 
a t  130 ~ for 30 minutes .  The  
tube  is cooled, charged wi th  0.z 
0.5 ml  th ionyl  chloride, pro- 
v ided  wi th  a microconden-  

o ser and hea ted  for 15 mi- 
nu tes  a t  55 ~ . The  condenser  
is r emoved  and  suct ion is 
appl ied  to the  con ten t s  to 
r emove  the  th ionyl  chloride. 
A solut ion of  1.21 m g  2.4-di- 
n i t ropheny lhydraz ine  in 3.5 ml  

~201v~/Tf Front 

Wl 
#urn~er o f  Y3rhon t/loins i'z Beriv3li'zeYACl'd 

~ig. 3. Composite of several paper strip ehromato- 
grams of the 2.4-dlnitrophenylhydrazldes of saturated 
normal aliph~tic oarboxylie acids with p~r I i .0 sodium 
hydroxide-dlbasie sodium phosphate buller saturated with 
methyl ethyl ketone as solvent, 100 minutes at 25 ~ C 

(test tube method) 

of  benzene is added into the  tube ,  the  microeondenser  replaced and  the  mix tu r e  
ref luxed for 20 minutes ,  then  cooled and ex t rac ted  twice wi th  0.5 ml  por t ions  
of  concen t ra ted  hydrochlor ic  acid, 10 per  cent  hydrochlor ic  acid and  water .  
The  final vo lume  of benzene is about  2.5 to 3.0 m[. 

The  tes t  t ube  ascending techn ique  ar a7 is employed  using str ips 0.5 
inches wide and 18 cm length  of  W h a t m a n  filter paper  No. 1 and penci l  
ma rks  are m a d e  a t  points  1 cm and 14 cm f rom one end of  the  strip. A sample  
of  the  solut ion 5 to 10 #l  (or sufficient vo lume  conta in ing  3 to 4/~g of  the  
der ivat ive)  is appl ied a t  the  1-cm m a r k  in the  usual  manne r  and the  s t r ip  

* Figures  1 to 6 inclusive do not  represent  o p t i m u m  separa t ions  which 
can be achieved since the  ob jec t ive  was to s tudy  the  effect of  p]~ with  larger  
quant i t ies  of  mater ia l  (50 micrograms)  t h a n  are e m p l o y e d  in separa t ions  
(Figure 7, 1 - -3  ~g). 
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is p laced in a tube  (22 • 175 ram) containing 0.7 ml  of  buffer PIt 11.2 sa tu ra ted  
wi th  m e t h y l  e thy l  ketone.  The  tube  is s toppered and  al lowed to  s tand  in a 

ver t ica l  posi t ion unt i l  the  sol- 
A~o/vez/ fronl v e n t  reaches the  14-cm pencil  

ed and dr ied in an  oven a t  100% 
The spots  of  2.4-dini trophenyl-  
hydrazides  are de tec ted  with  the  

wi th  reflected or t r ansmi t t ed  
u l t rav io le t  l ight.  W h e n  the  pa- 

hydrox ide  the  spots become 
brown. The  spots of  eaprie 
and palmit ic  acid 2.4-dinitro- 
phenylhydraz ides  are complet-  
ely separa ted  and correspond to 

�9 control  spots. 

Part II. -The Use of Tetra- 
zolinm Salts for Micro- 

d e t e c t i o n  o f  R e d u c i n g  

F u n c t i o n s  i n  O r g a n i c  

C o m p o u n d s *  

z 3 ~ y 6 z ~ ~ z~ z2 z~ z~ z~ T e t r a z o l i u m s a l t s f i r s t p r e -  
/IlL/Ill'ST,OF ~#PdOg A/O/ITS I)7 DCT/)/s/I'ZFd ACid~ 

p a r e d  b y  P e c h m a n  and  R u n g e  as 
Fig. 4. Composite of several paper strip chromato- 
grams of the 2.4-dinitrophenylhgdrazides of saturated and extensively investigated 
normal, aliphatic carboxylic acids with p- 11.6 sodium b y  K u h n  and  Jerche l  a9 were  
hydroxide-dibasic sodium phosphate buffer saturated 
with methyl ethyl ketone as solvent, 100 minutes at proposed b y  i s ] c o n  40 for  t e s t -  

25~ (test tube method) 
ing  t h e  v i a b i l i t y  o f  seeds. T h e  

usefu lness  of  t he se  r e a g e n t s  was  p o i n t e d  o u t  b y  Dutcher  41 who  h a d  in te r -  

r o g a t e d  Lalcon in 1945 as a m e m b e r  o f  t h e  A m e r i c a n  In t e l l i gence  B r a n c h  

in  G e r m a n y .  S u b s e q u e n t l y ,  Porter ,  Durre l l  a n d  _Romm 4~, M a t t s o n ,  J e n -  

sen a n d  Duteher  as, W a u g h  a4 a n d  Cottrel145' 46 conf i rmed  t h e  o b s e r v a t i o n s  

o f  Lal~on a n d  i n d i c a t e d  t h a t  t e t r a z o l i u m  sal ts  m i g h t  be  useful  as 

R 5 - - C 5  2 N - - t ~  a + [ 2 H + + 2 E  -] R a - - C 5  2 N - - R  2 
H 

4 3 4 3 
N - - -  N+--R~ - -  [2H+ -t- 2E-]  N =~---N--R a 

§ 
C1- 

Te t razo l ium Salt.  Formazan .  
Soluble in W a t e r  Insoluble  in W a t e r  

and  Colorless. and  Colored. 

§  C1- (1) 

* This  pa r t  of  the  work  is by  N ,  D. Cheronis and  H. Stein.  
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reagents to detect differences in the viability of seeds and other tissues. 
This outstanding property is due to the fact that  tetrazohum salt  
solutions on reduction by 
hydrogenases or generally z~ 
by reduetants yield colored 
formazan as shown in equa- ~g 
tion (1). 

The application of ~8 
tetrazolium salts to the 
study of carcinomatous o,7 
tissues was made by Straus, 

O,g 
Cheronis and Straus 4G, who zr 
showed that  neoplastic o,5 
tissue reduces these salts 
in vivo or vitro at a greater o,~ 
rate. As a result of this a 
prodigious amount of work o,s 
on the properties of these 

0,2 reagents has been accu- 
mulating in the literature. 

Use of Tetrazo l ium Salts  
as  Redox Indicators 

The work of this labo- 
ratory has been directed 
first towards preparing a 
series of tetrazolium salts 
which in redox reactions 

,fo/v~z/ frg/T/ 

//uIzdef o f  Yafr Alo~# i'z Pen'~JiikeJ AcIY 

:Fig. 5. Composite of several paper strip chromatograms 
of the 2.4-dinitrophenylhydrazides of saturated normal 
aliphatic carboxylic acids with p~ 12.0 sodium h:gdroxi- 
de-di-basic sodium phosphate buffer saturated wiih methyl 
ethyl ketone as solvent, 100 minutes at 25~ (test tube 

method) 

yield colors in the green, blue and violet regions of the spectrum. Secondly, 
the study of their properties has been undertaken, and, thirdly, through 
such studies the most sensitive of these compounds have been selected 
to be used as microchemicM redox indicators. I t  should be pointed out 
that  in equation (1) the arrows do not indicate a reversible reaction 
since in aqueous systems the reaction is irreversible. 

The utilization of tetrazolium salts to detect sugars was pointed out 
by Mattson et al. 43 who stated that  sugars reduced solutions of tetrazohum 
salts above p~ 11.0. Later Mattson and Jensen 4~ published a quantitative 
colorimetric estimation of reducing sugars. The calculated p~ of the 
solutions employed is about p~ 13.4. However, the author states that  
alkalinity is one of the less critical factors. 

Other investigators such as Weiner 4s, Wallen/els a9 and Trevelyan 5~ have 
published tests for detection of reducing sugars both in solution and by 
paper chromatography by means of triphenyl tetrazolium chloride but 
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no in format ion  is given as to  the  o p t i m u m  p g  or t he  l imi ts  of  
ident if icat ion.  

Stability of Tetrazolium Salt Solution at High pn 

W h e t h e r  t e t r azo l ium sal ts  can be used as reagents  a t  a lkal ine  p~ ' s  
depends  on the i r  s tab i l i ty .  I t  was shown in th is  l a b o r a t o r y  ~1 tha t ,  a t  

o,.q 

0,,8 

07 

~6 

zf 
g,5 

0,2 

0:  

A'olv#n/ Front 

2 3 ~ S 6 7 6' S 10 lY 1# 18 18 
IPgrn~ct 0/" C'~r~ol/ Atoms l'Z Deriy,4tizeg' ACi'O' 

~q~ig. 6. Pa1)er ehroln.a1~ograrn of the ~.4-dinitropb.en~Ibydra- 
zides of saturated normal aliphatic earboxylic acids with 
1) 11.6 sodium hydroxide-dibasic sodium phosphate 
buffer as solvent, 5 hours at  25~ (chamber method; 

solvent front  traveled 29 era) 

6"olvent b-rant 
#.0 

O,S 

Q,6 

g.6 

0,5 

0,3 

~Z 

0 

Fig. 7. Paper  Chromatogram 
of the 2.4-dinitrophenyl hy- 
drazides of a mixture ofcaprie, 
lauric and palmitic acids. 
Development with buffer p~z 
11.6 saturated with methyl- 
ethyl ketone for 10 hrs. 25 ~ C. 

Solvent front  25 em 

T a b l e l .  C o l o r  P r o d u c t i o n  b y  B a s i c  S o l u t i o n s  
o f  T r i p h e n y l  T e t r a z o l i u m  C h l o r i d e  

Conc. M 
TTC* 1) I~ Color fo rma t ion  on Boiling 

0 . 1 5  

0 . 0 6  
0 . 0 3  
0 . 0 0 3  

0 . 0 3  

1 0 . 2  
1 1 . 8 5  
1 2 . 2 0  
1 2 . 4 0  

l q a O H  6 5T 

C o l o r  
C o l o r  
C o l o r  
1NTone 

c o l d  ( r e d  p r e c i p i t a t e )  

* M o l a r  c o n c e n t r a t i o n  o f  t r i p h e n y l  t e t r a z o l i u m  c h l o r i d e .  
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alkaline p~ te t razol ium salts wi thout  addi t ion  of a r educ tan t  develop 
colors similar to those which appear When they are acted upon  by  the 
reductant .  This is shown in  Table 1. 

The results indicate  t ha t  the s tabi l i ty  of the salts is a funct ion  not  
only of the pu  bu t  also of the concent ra t ion  of the qua t e rna ry  base of 
the salt. I t  can be shown tha t  as the concent ra t ion  of the hydroxyl  ion 
increases, the following react ion takes place un t i l  finally the qua te rna ry  
te t razol ium hydroxide at  high concent ra t ion  rearranges to an  insoluble 
colored isomer: 

1~5--C N--R~ [ON-]  g s - - C  N--R2 

N ~ N + - - R  s [H +] N . N+--I~ s 
-4- + 
CI- OH- 

Soluble Soluble 
Colorless. Colorless. 

t 

s N \  
Rs--C N--R~ 

] 
OH 

N N - - R  S 
Insoluble Colored. 

On the basis of this work i t  was possible to determine the threshold 
of s tabi l i ty  of alkaline t r iphenyl  te t razol ium chloride solutions on boiling. 
The results are summarized in  Table 2. 

Table 2. D e t e r m i n a t i o n  of  t h e  T h r e s h o l d  S t a b i l i t y  of  A q u e o u s  
S o l u t i o n s  of T r i p h e n y l  T e t r a z o l i u m  C h l o r i d e  a t  A l k a l i n e  pH's 

Tetrazolium Salt 
Solution 

ml 

0.1 
0.1 
0.1 
0.1 
0.1 
0.15 
0.20 
0.1 
0.1 

M 10 "s 

7.5 
5.0 
3.75 
3.33 
3.0 
4.5 
6.0 
3.75 
3.0 

0.3N N a 0 ~  
' ml 

0.3 
0.3 
0.3 
0.3 
0.3 
0.3 
0.3 
0.3 
0.3 

tI.O 
ml 

0 
0.2 
0.4 
0.5 
0.6 
0.55 
0.50 
0.4 
0.5 

Volume of Reagents 

Total 

Volume Pt~ 
ml 

0.4 12.6 
0.6 12.53 
0.8 12.50 
0.9 12.48 
1.0 12.40 
1.0 12.30 
1.0 12.28 
0.8 12.50 
0.9 12.45 

Color Formation 
on Boiling 

Color 
Fa in t  
None 
None 
None 
None 
Fa in t  
Color 
N o n e  
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T h e  d a t a  i n d i c a t e  t h a t  a so lu t i on  of  t r i p h e n y l  t e t r a z o l i u m  ch lo r ide  

c o n t a i n i n g  1 m g / m l  is s t ab l e  on  bo i l ing  a t  p ~  12.45. Th is  is t h e  t h r e s h o l d  

of  i ts  s t a b i l i t y  a n d  t h u s  can  se rve  as a s ens i t i ve  r e a g e n t .  

T h e  t e s t  as i t  ha s  b e e n  d e v e l o p e d  ~1, 5u, 53 for  t h e  d e t e c t i o n  of  r e d u c i n g  

f u n c t i o n s  of  o rgan ic  c o m p o u n d s  is as fo l lows:  

To 0.1 ml  of  1% solut ion of  t h e  t e t r azo l ium sal t  in a small  tube ,  0.3 ml  
of  0.3 N sod ium hyd rox ide  solut ion a n d  0.5 ml  of  wa te r  are  added .  The 
m i x t u r e  is jus t  boi led and  examined  for t he  d e v e l o p m e n t  of  color. Only 
a ve ry  l ight  yel low colored so lu t ion  is permissible .  A b o u t  0.1 ml  of  t h e  
unknown solution containing I to 20 ~g of the reduetant is added and the 
solution boiled for 30 seconds. A colored solution depending on the type 
of tetrazolium salt employed results within 30 seconds. The color should be 
permanent and not fade. If a color develops and then fades it indicates that 
the redox color formation is below the limits of practical experimental condi- 
tions. In such cases the concentration of the reductant is increased. For 
example glucose with triphenyl tetrazolinm chloride gives a color that fades 
at 5 ,ug/ml, but a permanent color at i0 ,ug/ml. When the concentration 
of the reducing function is 2 to 3 times the identification limit, the color 
formation is large and insoluble formazan separates out and the solution 
becomes cloudy. In such cases dropwise addition of acetone gives an intense 
colored solution. 

Table 3. Microdetcction of Sugars with Triphenyl Tetrazolium 
Chloride and Comparison with Methods Based on Reduction of 

C u p r i c  I o n s  

Sugar 

l~hamnose  . . . . . . . . . . . . . . .  
Arab inose  . . . . . . . . . . . . . . .  
Xy lose  . . . . . . . . . . . . . . . . . .  
Lyxose  . . . . . . . . . . . . . . . . . .  
]~Pucose . . . . . . . . . . . . . . . . . .  

Glucose . . . . . . . . . . . . . . . . . .  
Mannose . . . . . . . . . . . . . . . . .  
Galactose . . . . . . . . . . . . . . . .  
]~ructose . . . . . . . . . . . . . . . . .  
Maltose . . . . . . . . . . . . . . . . .  
Lac tose  . . . . . . . . . . . . . . . . .  
Cellobiose . . . . . . . . . . . . . . .  
Melibiose . . . . . . . . . . . . . . .  
Amygda l in  . . . . . . . . . . . . . .  
Trehalose . . . . . . . . . . . . . . .  
S u c r o s e  . . . . . . . . . . . . . . . . .  

l~affinose . . . . . . . . . . . . . . .  

TriphenyI 
Tetrazolium 

Reagent 

8- -10  
8 - -10  
7 - -10  
7 - -10  
8 - -10  
7 - -10  

10--12 
7 - -10  
7 - - 1 0  

10 
8 - -10  

1 0 - - i 2  
10--12 

10 
None  

50--  100 
on hydrolys is  

25- -30  

Limits of Detection in u.g/ml 

Cupric Ion* 
( Fehling' s) 

30 
30 
30 
30 
30 
30 
30 
30 
30 
40 
40 
30 

30--  40 
100 

None  
Slightly wi th  

100 
4O 

Cupric Ion* 
(Benedict's) 

15--20  
15--20 
15--20 
15--20  
20- -25  
15--20 
20--25  
I 5 - - 2 0  
15--20  
15--20  
15--20 
15--20 
15--20 

None  100 
None  100 
Slight 100 

100 

* Solut ion hea t ed  to boil ing for 1 minu te ,  al lowed to s t a n d  for 5 m i n u t e s  
t h e n  observed.  
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Micro Identification of Sugars with Triphenyl Tetrazolium Chloride 

The t e s t  as descr ibed  was app l ied  to  a large n u m b e r  of  sugars.  Tri-  
pheny l  t e t r azo l ium chloride was employed  and  for compar ison  bo th  
Fehling's and  Benedict's solut ions were used. The resul ts  are  t a b u l a t e d  in 
Table  3. The  d a t a  ind ica te  t h a t  the  t e t r azo l ium reagen t  gives more  
sensi t ive resul ts  t h a n  those  based  upon  the  reduc t ion  of  cupric  ions. 
However ,  f rom the  po in t  of  v iew of  ease of  observing color changes in 
the  t e t r azo l ium reagents  a t  the  lower l imi ts  the re  is much  to be desired.  
Many  people  are  no t  ab le  to  de tec t  the  s l ight  color change f rom yel low 
(negat ive)  to p ink  (posit ive).  F o r  this  reason and  also for o ther  app l ica t ions  
a sys t ema t i c  search was made  for t e t r azo l ium sal ts  which were no t  only  
more  sensi t ive b u t  also gave  be t t e r  visible colors on reduct ion,  such 
as blue, green and  violet .  

New Tetrazolium Salts 

Tables  4, 5 and  6 give a s u m m a r y  of  the  t e t r azo l ium sal ts  synthes ized  
in th is  l a b o r a t o r y  for the  pa s t  four  years .  A de ta i led  discussion is being 
publ i shed  elsewhere. F o r  the  p resen t  discussion the  d a t a  as g iven i n  
these tab les  will suffice. Of the  32 compounds  l isted,  27, to  the  bes t  
of  our  knowledge,  have  no t  been p rev ious ly  r epor t ed  or s tudied.  Table  4 

Table 4. N a t u r e  o f  R a d i c a l s  in  M o n o t e t r a z o l i u m  S a l t s .  
R~ ~-- p h e n y l  in  a l l  [compare equation (1), p. 934] 

Color on Limits  of Detection 
l~s 1% l~eductiou in Micrograms 

of Glucose 

i .  Phenyl  . . . . . . . . . .  
2. o-Tolyl . . . . . . . . . .  
3. m-Tolyl . . . . . . . . .  
4. Phenyl  . . . . . . . . . .  
5. o-To]yl . . . . . . . . . .  
6. m-Tolyl . . . . . . . . .  
7. p-Tolyl . . . . . . . . . .  
8. Phenyl  . . . . . . . . . .  
9. o-Tolyl . . . . . . . . . .  

10. m-Tolyl . . . . . . . . .  
11. p-Tolyl  . . . . . . . . . .  
12. o-Anisyl . . . . . . . . .  
13. o-Anisyl . . . . . . . . .  
14. p-Anisyl  . . . . . . . . .  
15. 2.5-Dimethoxy- 

phenyl  . . . . . . . . . .  

~henyl  
Phenyl  
Phenyl  
p -Anisyl 
p -Anisyl 
p-Anisyl 
p -Anisyl 
Piperonyl  
Piperonyl  
Piperonyl  
Piperonyl  
P h e n y l  
Piperonyl 
Piperonyl  

Phenyl  

Red  
Red  
Red 
Violeb-- Red  
Violet--  Blue 
VioleV-- Red 
Red 
Red  
Red 
Red 
Violet--  Red  
Red 
Viole~ --  Red 
Violet - -  Blue 

Violet 

7--10 
2 - 3  

10 
5 
4 
5 
5 

200 
4 

25 
4 
5 
5 
5 

lists 15 mono te t r azo l i um sal ts  beginning  wi th  the  t r i pheny l  and  in- 
creasing in complex i ty  of  the  radicals  a t t a c h e d  in the  3- and  5-posi t ions.  
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I t  should be no ted  t h a t  the  compounds  conta ining or tho  subs t i tuen t s  in 
the  radicals  a t t a c h e d  in  the  3-posi t ion exhib i t  g rea te r  sensi t iv i ty .  Also 
these compounds  exh ib i t ed  grea ter  so lubi l i ty  (not shown in the  tab le)  
when compared  wi th  the  pa ra -  or meta- i somer .  

I n  the  compounds  l i s ted  in  Table  5 the  subs t i tuen t s  of  posi t ions  
3- and  5- are more  complex.  The o-biphenyl  rad ica l  in the  3-posi t ion 

Table 5. M o n o t e t r a z o l i u m  C h l o r i d e s .  : N a t u r e  o f  R a d i c a l s  in  
M o n o t e t r a z o l i u m  S a l t s .  ~ = p h e n y l  in  a l l  

Color on L imi t s  of Detection 
Rs :R~ l~eduction in ~licrograms 

of Glucose 

16. a -Naphthyl  . . . . . . .  
17. ,a-Naphthyl 

18. o-Biphenyl . . . . . . .  
19. o-Biphenyl . . . . . . .  

20. p-Biphenyl 
21. p-Biphenyl  . . . . . . .  

22. Phenyl* . . . .  . . . . . .  
23. o-Tolyl . . . . . . . . . . .  

Phenyl  
Phenyl  

Phenyl  
m-Nitrophenyl 

Phenyl  
m-Nitrophenyl  

Furfury l  
Thienyl 

* Previously reported. 

Violet 
Red 

Violet--  Red 
Orange --  I~ed 

Violet--  Red 
Orange--  Red  

Red  
Red  

3 
Unstable  above 

PH i0 
2 

Unstable above 
PH 10 

5 
Unstable  above 

PR 10 
200 

20 

provides  a g rea te r  sens i t iv i ty  to  redox  reac t ions  as compared  to  the  
p- isomer  and  also to  re la ted  compounds .  I n t r o d u c t i o n  of a n i t ro  group 

Table 6. D i t e t r a z o l i u m  C h l o r i d e s  

1~5--C 5 2 N - - R  2 R2- -N2 '  5"C- -g  s + [2H + 4- 2E-] 

4 3 3' 4' + 
N----N + - - ~ 3 - - N  . . . .  . N + - -  [ 2 I ~  + ~ -  2 E - ]  

CI- CI- 
Ditetrazolium Salt. 

Colorless 

I'~-- C 5 2N--]:~ 2 R2--N 2" 5'C--R 5 

i I 
I-I H 

4 3 3' 4' 
N--~N R a N -~N 

Diformazan. 
Colored 
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N a t u r e  o f  l % a d i c a l s  in  D i t e t r a z o l i u m  S a l t s .  R ~ = p h e n y l  in  a l l  

Color on  L imi t s  o f  D e t e c t i o n  
It8 1%5 l%eAuetion in Microgra ms 

of Glueuse 

24. 4.4 '-Diphenylene . 
25. 4.4'-Diphenylene . 
26. m-Phenylene . . . . .  
27. 3.3 '-Dimethoxy- 

4.4' -Diphenylene * 
28. 3.3 '-Dimethoxy- 

4.4~-Diphenylene . 

29. 3.3 '-Dimethoxy- 
4.4'-Diphenylene . 

30. 3.3 '-Dimethoxy- 
4.4'-Diphenylene . 

31. 3.3qDimethoxy- 
4.4'-Diphenylene . 

32. 3.31-Dimethoxy- 
4.4'-Diphenylene* 

33. 3.3'-Dimethyl- 
4.4' -I)iphenylene * 

Phenyl  
m-Nitr0phenyl 
Phenyl  

Phenyl  (BT) 

p-Methoxy- 
phenyl (p- 
Anisyl) (BTA) 
2.3-Dime- 
thoxyphenyl  
3.4-Dimetho- 
xyphenyl  (Ve- 
ratryl)  (BTV) 
Piperonyl 

! (BTP) 
Furfuryl  
(BTF) 

Violet--  Red 
Violet --  Red 
Violet 

Blue--  Purple 

Blue 

Orange--  Red 

Blue 
(Greenish) 

Blue 
Purple 
(Blue) 

Unstable  at  PH 12 
Unstable  at  Ptt 12 
Unstable  at  PIt 12 

i Phenyl  Red- -Vio le t  

4 - -5  

1 or less 

5 

1 

2 

50 

* Previously reported. 

in the  o-b iphenyl  and  p -b ipheny l  radicals  renders  the  t e t r azo l ium sal ts  
uns tab le  a t  the  h igher  p~ ' s .  Of all  the  mono te t r azo l ium salts,  the  
2 .5-diphenyl-3-o-biphenyl  appears  to  be the  best  for the  de tec t ion  of re- 
dac ing  fanct ions .  

The d i t e t r azo l ium sal ts  of  the  N - - N  t y p e  were known from the  
work  of  ea r ly  inves t iga tors .  Table  6 l ists  10 d i t e t r azo l ium salts,  of  which 3 
were p rev ious ly  repor ted .  Of these  three,  No. 24, wi th  a p,p -d iphenylene  
rad ica l  in the  3-posit ion,  is also called neote t razol ium,  and  No. 27, wi th  

p , p - o r t h o d i a n y s i d y l  rad ica l  in the  8-posit ion,  is also called Te t ra -  
zol ium Blue. This name is unfor tuna te ,  because,  as is shown in Table  6, 
a nmnbe r  of  o ther  d i t e t r azo l ium sal ts  are  blue. Therefore  since these  
names  mos t  l ike ly  will become en t renched  i t  is p roposed  to  employ  the  
name  a t  the  radica l  in the  5-posi t ion with  the  new blue te t razo l iums .  
Thus  No. 28 becomes p-an isy l  t e t r azo l ium blue or (BTA), No. 30 : v e r a t r y l  
Setrazol ium blue or (BTV). 

Of all  the  d i t e t r azo l ium sal ts  t es ted ;  the  most  useful  for the  micro-  
de tec t ion  of  sugars  is the  p-an isy l  t e t r azo l ium blue.  Table  7 summar izes  
d a t a  on the  mic rode tec t ion  of  var ious  reducing sugars  using the  mos t  
sensi t ive mono te t r azo l ium salt ,  b iphenyl  t e t r azo l ium violet ,  and  the  
mos t  sensi t ive d i t e t r azg l ium salt ,  p -an isy l  t e t r azo l ium blue. 

Unstable  a t  PH 12 



942 N.D.  Cheronis: [iVfikrochim. Acta 

The work of determining the mierodetection limits of other reducing 
functions of organic compounds with these selected reagents is in progress. 

Table 7. M i e r o d e t e c t i o n  of  S u g a r s  w i t h  B i p h e n y l  V io le t  and  
p - A n i s y l  Blue  T e t r a z o l i u m  !~eagen t s  

/ / N \ \  

C6H 5 -- C 

I I 
N 

N - -  C6tt 5 
/ \  
I H 

~+_/ / \  
Cl- ,%) 

[Red.] 

/ / N \  
// \ 

C6115-- C N-- C~H5 

H 
% /  

I 

Bipbenyt Tetrazolium Violet Violet-Red Formazan 

HCO / / -% "~ 
\ / 

3 ~ = / - -  N--C.I-I5 CeHs--N 

0CH 3 OCII 3 

l T 1 
N+ //--% / /  % N+ N- Cl_- -a ,~~__/ - -Cl  - 

p - A n i s y l  Tetrazolium Blue 

[Read 

./N~ 
% 
c--/-%--OCH 

-N 

,/N\ /x % 

H CO--k--%--c ~ \ / % /~ % N--  C+I-I~ C.II 5- N C-- % ~ / / - -  OCl~ 
' \=/ I ' q 

H II 
0CH 3 OCH~ 
l I 

Deep Blue Diformazan 
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R h a m n o s e  . . . . . . . . . . . .  
A r a b i n o s e  . . . . . . . . . . . . .  
X y l o s e  . . . . . . . . . . . . . . .  
L y x o s e  . . . . . . . . . . . . . . .  
Fucose ............... 

Glucose ............... 

l~annose .... . .......... 

Galactose ............. 

Fructose .............. 

IVia]tose ............... 

Lactose ............... 

Cellobiose ............. 

]~elibiose ............. 

Amygdalin ............ 

Trehalose ............. 

Sucrose ............... 

Raffinose ............. 

Biphenyl Tetra- 
zolium Violet 
(2.5-Diphenyl- 
3-o-biphenyl 
tetra~,olium 

chloride) 

p-AnisyI 
Tetrazolium 

Blue 

Limits of Detection in ~g 

2 - - 3  1 - - 2  
2 - - 3  1 - - 2  
2 - - 3  1 - - 2  
2 - - 3  1 - - 2  
2 - - 3  1 

2 1 
3 1 

2 - - 3  1 
2 1 
3 1 
2 1 

3 - - 4  1 - - 2  
3 - - 4  1 - - 2  

3 1 - - 2  
N o n e  N o n e  
N o n e  N o n e  
7 - - 8  3 - - 4  

Summary 
The presentation is restricted to a summary  of the work tha t  has 

been done in the last few- years in the application of micromethods to the 
identification of organic compounds. A critical discussion of the concept 
of  the "proof of ident i ty"  is given in order to show tha t  some "proofs" 
are more rigorous than others. For  a rigorous proof of the identi ty of 
any organic compound the author believes tha t  besides the usual color 
classification reactions, data  on at  least two constants should be available, 
one of which, if  possible, Should be the melting point (or some other con- 
stant) of a derivative of the compound under investigation. The steps 
of the systematic determination of identi ty are reviewed and their 
modifications by  the experienced worker are discussed. In  the proof of 
identity of microquantities there is a natural  tendency to avoid iso- 
lating pure substances for determination of constants. However, the 
procedures developed for the derivatization of milligram quantities 
together with color group reactions permit  rigorous proof. With micro- 
gram quantities it is often possible to prepare a derivative and use the 
R! value as a constant;  this is illustrated by  the microderivatization 
of  f a t ty  acids. 

The work on the derivatization of f a t ty  acids and development of a 
method for their characterization using a few micrograms was done in 
collaboration with Sol Cohen. Of the 76 different kinds of compounds pro- 
posed in the literature for the derivatization of fa t ty  acids the p-nitro- 
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benzyl  and  2 .4-din i t robenzyl  esters and  the  2 .4 -d in i t rophenylhydraz ides  
were inves t iga ted .  The l a t t e r  were selected, and sui table  procedures  were 
deve loped  for the i r  preparat ion,  using microquan t i t i e s  of f a t t y  acids. Pu re  
der iva t ives  of the  f a t t y  acids C2 to C10 and  C1~ , Clt ,  C16 and Cls were 
prepared ,  analyzed,  and  the i r  mel t ing  po in ts  de te rmined .  Of the  13 deri-  
va t ives  8 are  r epor t ed  for the  first t ime.  The chromatograph ic  proper t ies  
of  the  2 .4 -d in i t rophenylhydraz ides  of  the  f a t t y  acids were s tud ied  and a 
sa t i s fac tory  me thod  of resolut ion  developed.  

The deve lopmen t  of new reagents  for the  microde tec t ion  of  reducing 
funct ions in organic compounds  was done in  co l labora t ion  with H. Stein. 
A br ief  review of  the  deve lopmen t  of  t e t r azo l ium salts as redox  reagents  
is given.  A br ief  survey  of  the  proper t ies  of 33 mono te t r azo l ium and  
d i t e t r azo l ium salts,  28 of  which were synthes ized  in  th is  l a bo ra to ry  
dur ing the  pa s t  4 years,  is added.  Two of  these are 7 to  l0  t imes  more  
sensi t ive t h a n  the  well known  t r i pheny l t e t r azo l ium chloride,  when 
compared  on the  basis  of the i r  l imits  of  de tec t ion  of mic rogram quant i t i es  
of  reducing sugars.  

Zusammenfassung 
Die Ausfiihrungen besehr~nken sich auf eine Zusamrnenfassung der 

Untersuchungen, die yon uns in den letzten zwei Jahren fiber die An- 
wendung yon Mikrornethoden zur Erkennung organischer u  
ausgef/ihrt wurden. Das Konzept  der Identifizierung einer Substanz wird 
kritisch besproehen, um zu zeigen, da2 die Sicherheit der Identifizierung 
yon der Auswahl der Verfahren abh~ngt. Der Verfasser ist der Meinung, 
dalil der strenge Beweis der Ident i t~ t  irgend einer organischen Verbindung 
aul~er der flblichen Klassifizierung dureh Farbreakt ionen die Angabe yon 
wenigstens zwei physikalisehen Konstanten  enthal ten sol l te .  Von diesen 
Konstanten  sollte, wenn m6glich, eine den Sehmelzpunkt (oder irgend eine 
andere Konstante)  eines ])erivates der untersuchten Substanz darstellen. 
Die einzelnen Schritte der systematisehen Bestimmung der Iden t i t a t  werden 
kurz besprochen und auf  m6gliche Ab~inderungen, die erfahrene Unter-  
sucher anwenden k6nnen, wird hingewiesen. Beim Arbei ten mi t  lYIikromengen 
zeigt sich eine Neigung, die Isolierung yon reinen Substanzen zwecks Be- 
s t immnng yon Konstanten  zu vermeiden. Dabei ist zu bedenken, da[3 ein 
strenger Beweis durch Verwendung der Mikroverfahren zur Herste]lung 
yon Derivaten m6glich ist, wenn die dadurch gewonnenen Kons tan ten  die 
mit tels  der Farbreakt ionen erhaltenen Befnnde erganzen. Mit Mikro- 
gramra-Mengen ist es haufig m6glich, ein Derivat  zur Best immung des chro- 
matographischen R/-Wertes herzustellen, wie dies ira Falle der Fe t t sauren  
gezeigt wird. 

Die Darstellung yon Fet t saureder iva ten  und die Entwicklung eines 
Verfahrens fiir die Kennzeichnung der [etzteren unter  Benutzung yon wenigen 
Mikrogramm wurde in Zusammenarbei t  mit  Sol Cohen durehgefiihrt. Von 
den 76 verschiedenen, in der Li tera tur  zur Herstellung yon Fet t saureder iva ten  
vorgeschlagenen Verblndungstypen wurden die p-Nitrobenzyl-  und 2,4- 
Dinitrobenzylester und die 2,4-Dinitrophenylhydrazide untersucht.  Der letzt- 
genannte Verbindungstypus wurde ausgewahlt und geeignete Verfahren zur 
I-Ierstellung von Derivaten mit  Mikromengen yon Fet ts i iuren wurden ausge- 
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arbeitet. Reine Derivate der Fet tsauren mit  2 bis 10, 12, 14, 16 und 18 Kohlen- 
stoffatomen wurden hergeste]lt, analysiert und ihre Sehmelzpunkte bestimmt. 
Aeht yon den 13 Derivaten wurden zum erstenmal beschrieben. Die ehromato- 
graphisehen Eigenschaften der 2,4-Dinitrophenylhydrazide wurden studiert  
und eine zufriedenstellende Methode fox ihre Trennung ausgearbeitet. 

In  Zusammenarbeit  mi t  H. Stein wurden neue Reagenzien f0x den Nach- 
weis reduzierender Ftmktionen in organischen Verbindungen gefunden. 
Die Entwicklung yon Tetrazoliumsalzen als l~edoxreagenzien wird kurz 
besprochen und dureh eine ~bers ieht  fiber die Eigenschaften von 33 Mono- 
trod Ditetrazoliumsalzen, yon denen 28 in den letzten vier Jahren im Labora- 
torimn des Verfassers dargestellt warden, erg'anzt. Zwei dieser Salze sind 
7- bis 10mal empfindlicher als das bekannte Triphenyltetrazoliumchlorid 
hinsichtlich der Nachweisgrenzen (NIikrogramm-Mengen) yon reduzierenden 
Zuekern. 

R~sumd 

L'exposd so limite ~ un r~surnd des t ravaux effectugs par l 'auteur pendant  
ces derniTres anndes sur l 'application des mierom@thodes a l 'identification 
des eomposds organiques. Le concept de la <~preuve de l'identitd~) est soumis 

une discussion critique qui montre que certaines (~preuves,) sent plus 
rigoureuses que d'autres. Pour prouver rigoureusement l 'identitd d 'un com- 
pos6 or@unique quelconque, l 'auteur pense que la classification habituelle 
par rbactions color~es doit 8tre eompldtde par les valeurs num~riques d 'au 
moins deux constantes physiques. L 'une de ees consbantes devrait  8tre, si 
possible, le point de fusion d 'un dTrivd du composd soumis a l 'examen (ou 
tree autre de ses eonstantes). L 'auteur  examine les phases de la ddtermination 
systdmatique de l ' identitd ainsi que leurs dventuelles modifications par un 
travailleur expdrimentd. Lorsqu' i l  s 'agit de prouver l 'identitd de micrO- 
quantitds on a g@ndralement tendance ~ dviter l ' isolement de substances 
pures pour la ddtermination des constantes. 

I1 est cependant possible d'dtablir une preuve rigoureuse d'identitd en 
faisant simultan@ment appel aux techniques qui out dtd raises au point 
pour la pr@paration de ddrivds ~ l'dchelle du milligramme et aux rdactions 
eolordes de troupes. A l'dehelle du microgramme, il est souvent possible de 
pr@parer un ddrivd et de consid@rer la valeur de R/ comme une c0nstante, 
ce cas est illustrd par la formation ~ l'dchelle mieroehirnique de d@rivds des 
acides gras. 

Ce travail  sur les aeides gras a gtd effectud en collaboration avee Sol Cohen 
ainsi que la raise au point d'une mdthode permet tant  de les earactdriser 
sur quelques mierogrammes. Parmi les 76 diffTrentes esp~ees de composts 
qui o n t d t d  proposals duns la litt@rature pour la formation de dgriv@s des 
acides gras, les recherches ont port@ sur les esters p-nitrobenzylique et 2,4-di- 
nitrobenzylique ainsi que sur les 2,4-dinitrophgnylhydrazides. Cc s o n t e e s  
derniers qui o n t d t d  choisis et leur prgloaration a dtd raise au point ~ part ir  
de mieroquantitds d'aeides gras. On a ainsi prgpar6 des ddrivds puts des 
aeides gras de C 2 ~ C10 ainsi qu'en Cle, Clt, C16, et C~s; ils out did soumis 
I 'analyse et leurs points de fusion onb dtd ddterminds. 8 d'entre ces 13 ddrivds 
sont signalds pour la premi@re lois. On a dtudi6 les propridtgs ehx'omato- 
graphiques des 2,r et on. a pu mettre  au point 
tree m@ghode permet tant  de ]es s@arer de fagon satisfaisante. 

L'dtude de rgaegifs nouveaux pour la dgtection des fonetions rdduetrices 
des eomposds organiques a dt@ effeetude en collaboration avee H. St~in. 
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On domm un apergu sur la raise au point des sels de t6trazolium eomme 
rgactifs oxydorddueteurs; il est eompldt6 par la description rapide de 33 
sels de monotgtrazolium et de 22 sels de dit6trazolium; la synthgse de 28 
d'entre eux a 6td rdMisde pendant  les 4 derni6res anndes dans le laboratoire 
de l 'auteur. Deux de ces sels ont une sensibflit6 7 ~ 10 fois plus glevge clue 
celle du chlorure de triphdnylt~trazolium bien eormu (identification des 
sucres r6dueteurs "~ l'6chelle du mierogramme). 

References 

1 N .  D. Cheronis and A.  Vavoulis, Mikroehem. 88, 428 (1952). 
N.  D. Cheronis, Micro and Semimicro Methods. New York: Interscienee. 

1954. pp. 413--571. 
3 L.  Kofler and A .  Ko/~cr, Thermo-• Weinheim, Bergstr. : 

Verlag Chemie. 1954. 
a 14". Schneider, Organic Qualitative ~r New York : Wiley. 1946. 

1V. D. Cheronis and J .  B.  Entrilcin, Semimicro Qualitative Organic 
Analysis. New York: Crowell. 1947. 

6 F.  Feigl, Spots Tests. Vol. II .  Organic Applications. Amsterdam: 
Elsevier. 1954. 

S. Cohen, Thesis for the Degree of Master of Arts. Brooklyn College. 1955. 
s F .  Brown, Biochemic. J. 47, 598 (1950). 
9 M .  Kreula,  Suomen Kemistileti 26B, 22 (1953). 
lo j .  K .  Miett inen and A.  I .  Virtanen, Nature 168, 294 (1951). 
11 E.  R.  Hiscox and N.  J .  Berridge, Nature 166, 522 (1950). 
12 E.  P .  Kennedy and H. A .  Barker, Analyt.  Chemistry 28, 1033 (1951). 
la B.  Lindqvist  et al., Intern.  Dairy Congr. Proc. 13th Congr., Hague 3, 

1250 (1953). 
1~ F.  Brown, Nature  167, 441 (1951). 
is A .  R.  Jones e t  al., Analyt.  Chemistry 25, 394 (1953). 
16 S. S. Phata/c et al., U. N. Current Sei. (India) 21, 162 (1952). 
~ R.  L.  Reid and M .  Lederer, Bioehemic. J. 50, 60 (1951). 
is E.  R.  Stadtman and H. A .  Barlcer, J. Blot. Chem. 184, 769 (1950). 
79 A .  R.  Thompson, Nature 168, 390 (1951). 
2o A .  R.  Thompson, Australian J. Sci. Res. B4, 180, 283 (1951). 
21 Amano  and Tomeya, Bull. Jap. Soc. Fisheries 16, No. 12, 7 (1950). 
22 Inoue, J. Agr. Chem. Soc. Japan  28, 294, 368 (1950); 24, 291 (1951); 

25, 161, 491 (1952); 27, 50 (1953). 
23 Sataki  and Saki ,  J. Japan. Chem. 4, 557 (1950). 
2~ E. Lederer and M .  Lederer, Chromatography. Amsterdam: Elsevier. 1953. 
25 R.  G. Reiee, G. J .  Keller, and J .  G. Kirehner,  Analyt. Chemistry 23, 

194 (1951). 
2~ N .  D. Cheronis, 1. c. 2 p. 508. 
27 p..Friedl~tnder and P.  Cohn, Ber. dtsch, chem. Ges. 35, 1266 (1902). 
2s j .  Cerezo and E. Olay, Ann. soe. esp. fis. y quire. 82, 1090 (1934). 
29 Th.  Curtius and G. M .  Dediehen, J.  prakt. Chem. (2) 50, 262 (1894). 
3o H.  Gil/man and G. M .  _Ford, Iowa State Coll. J. Sci. 18, 135 (1939). 
31 R.  T.  Holman, Chromatography of Fa t ty  Acids and Related Substances 

in Progress in the Chemistry of Fats  and Other Lipids. Vol. I. New York: 
Academic Press. 1952. p. 104. 

32 j .  Asselineau, Bull. soe. china. France 1952, 884. 
aa V.-S.  Govindara~an, Proc. Symposium Indiam Oils Fats, Natl. Chem. 

Lab., India Poona 1951~ 242. 



1956/1-- 6] Identif ication of Organic Compounds 947 

34 B.  Jacobsberg, 1~ev. ferment, ind. aliment. 7, 142 (1952). 
3~ p .  K a u / m a n n ,  Fe~te u. Seifen 52, 331 (1950). 
46 L .  B.  Rockland and M .  S. Dunn ,  Science 109, 539 (1949). 
aT N .  D. Cheronis, 1. c. 2 p. 427. 
3s H.  v. Pechmann and R. Runge, Ber. dtsch, chem. Ges. 27, 2920 (1894). 
49 R.  K u h n  and D. Jerchell, Bet. dtsch, chem. Ges. 74B, 941, 949 (1941). 
4o G. Lakon, Ber. dtsch, bo~. Ges. 60, 299, 434 (1942). 
41 R. A .  Dutcher, l~eport of Interrogat ion of l%esearch Workers of Agri- 

cultural  High School a t  Hohenheim, September 21, 1945. (Technical Indust r ia l  
Intelligence Branch, Joint  Intelligence Service). 

42 Porter, Durrell, and Romm,  Plant  Physiol. 22,  149 (1947). 
43 A .  M .  Mattson, C. O. Jensen, and R. A .  Duteher, Science 106, 294 (1947). 
44 T .  D. Waugh, Science 107, 275 (1948). 
45 H.  J .  Cottre[l, Nature 159, 748 (1947). 
a~ iF. H.  Straus, N .  D. Cheronis, and E.  Straus, Science 108, 113 (1948). 
47 A .  M .  Mattson and C. O. Jensen, Analyt .  Chemistry 22, 182 (1950). 
as S.  Weiner, Chemist-Analyst  87, 56 (1948). 
49 K .  Wallen]els, Naturwiss. 87, 491 (1950). 
5o W. E. Trevelyan et al., Nature  166, 444 (1950). 
51 N .  D. Cheronis, Bergman, and Grosso, Properties of Tetrazolium Salts, 

New York. Section ACS Meeting, Februa ry  8, 1952. 
52 N .  D. Cheronis, 1. c. 2 p. 475. 
5~ S.  S]r Thesis for the Degree of Master of Arts. Brooklyn College. 

1954. 

60* 


