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IN connexion with the structurS of aromatic diazocompounds it is generally accepted 
that: 

1. The diazocompounds in aqueous solution exist as molecules and ions with 
their equilibrium shifted towards ioniration.* 

2. The diazohydrate is amphoteriti and in aqueous solutions is present in neg- 
ligible amounts. 

3. The diazocation and the anion have conjugated bonds.a 
4. Only the diazocation can take part in coupling rcactions.s This principle 

established independently by many authors practically refutes Hantzsch’s stcrcoiso- 
merit theory. 

5. The diazohydrate and the nitrosaminic acid (the nitrosamine) are the tautomeric 
forms,b and in diazocompounds there arc two acids (the diazohydrate and the 
nitrosaminic acid) and one base (the diazohydrate). This does not mean the diazo- 
cation and -anion which represent the acid and the base according to the Lewis- 
Ussanovitch theory.’ 

6. The reaction between the diaronium salt and alkali belongs to the class of 
slow ionic reactions.& This, together with the amphotcric nature of the diazohydrate 
is responsible for the most characteristic properties of dia~~om~unds. 

Schwarzenbach’o investigating the behaviour of dibasic aprotonic acids, showed 
that in some cases the second ionization constant is greater than the first. ZollingeP 
applied these considerations to diazocompounds regarding Ihe diazocation as 
dibasic aprotonic acid possessing similar properrirs. Accordingly, in the neutraliza- 
tion of the diazonium salt by alkali he assumed that first stage addition of one 

I See the rcbicu in C!S~. Khrmi. SXVIII. h’o. 9. 1036 (1959). 
* Ii. Zoll~npr. Chcmic drr ~:~farbsroj@ p. 52. AirhBuser, Basal (IUS): C. W’ittwer and t?. Zollingcr. 

El&. Chim. Acfn 37, 19S4 (1954): ci, B.A. Porat-Korhtts and 3. E. Rru\kc, 4iuJvffningracf, Tckhttoi. Insr. 
im. I,o.rotrW 60, 92, 11 I (1960). 

s R. A. Porai-Koqhltc and 1. V. Grachcv. fh. Ohhch. Xhrm 16. 4 S. 571 (1946). 
’ H. A. Porat-Koshlts and I. V. Cirachev. I:(,. Akud .5’ouk SUN. Or&/. A’him Youk So. I. 137 (IYM): 

If. Zollmgcr. Chrmie drr ~:o/urbs~o& p. 49. Rlrkhduxr. Easel (19%); cf. K. fiolrach IM Aromortschrn 
f>w:wcrbinJongcn. Stuttgart (1947): F. Mulicr, Srurrr Ansrhoungcn dcr Orgudrchm Chrmir 2 Aufl.. 
p. 461. Sprrnpr. Bcrlm (195). 

s W. Dilthcy and C. Illankcnhurg. 1. f’ruhf. Chrm. (1). 142. 177 (1935); R. Wistar und P. D. Barticct. 
1. Amrr. Chmm. Sot. 63. 413 (1941); R. tlauscr and D. S. f~wlou. Ibid. 6.3. 41X (1941); H. A. Pow. 
Koshtts, Ix. Akad. Sauk SSSR. O&l. Khrm. Xauk No. I. 79 (1944); B. A. Porai-Koshits and I. V. 
(irachcv, ih. Objhch. Khrm 16. 4-S. 571 (1946); C‘. K. Ingold. Mrucfurc omf Mrch~hnnirm in Oq~nic 
(‘krmtttr,w p. 297. I.ondon (t952t. 

l A. itantzsch. M. Schrimann and A. ftngler. Be I. Dorh. C‘krm. Grs. 32, 1703 (1899); A. Angler, Ibrd, 
33.2188 (IWI). 

7 (i. h’. Lcwr. J. Franklin IIVI. 226. 292 (1938); M. 1. Ussanovitch. %h. Obshch. Khim. 9. 182 (193Y). 
* B. A. Porai-Koshits and R. V. Passer. Trudy fminpud, Trkhnol. Insf. im. f.ensotvra 46. 133 (1958). 
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hydroxyl ion to the diazocation to form the diazohydrate woutd proceed more slowly 
that the second stage, the acidic dissociation of the diazohydratc. In this manner he 
proved theoretically the impossibility of isolating the diazohydrate. 

it is beiievcd that the low concentration of the diazohydrate in aqueous solutions 
does not depend on the properties of the aprotonic acid but results from the ampho- 
teric nature of the diazohydratc. A detailed study of the acid-base equilibrium of the 
diazocation, the diazohydratc and the diazoanion, the equilibrium being complicated 
by the tautomeric equilibrium between the diazohydrate and the nitrosaminic acid, 
reveals that under certain conditions there is complete dissociation of the diazo- 
hydrate into ions. ii These conditions arc: (I) the greater magnitude of the product 
of the acidic and basic constants of the diwohydratc over the magnitude of the ionic 
product for water. 

&S&C,9 rr, 

and, (2) establishing the inequality 

where K,’ is the ionization constant of the nitrosaminic acid. 
We were able to deduce the formulae for the acidic and basic constants of the 

diazohydratc. 
These formulae are accurate provided the dissociation constant is of the nitro- 

saminic acid is greater than that for the diazohydratc. 

43 . 
C. K.[H’]I C. KJH’]I 

[H-P, - 2C. K 
and 

” -- (H-p, ---2C. K 

C is the concentration of the diazonium salt. [H’], is the concentration of the 
hydrogen ions in the diazonium salt solution, K, is the water ionic product for water 
and K = [H’12. 

In the latter expressions [H’] is the concentration of the hydrogen ions in the 
solution obtained by the addition of one equivalent of alkali to the diazonium salt, 
i.e., the diazonium,.diazotate in solution. 

It is now possible to substitute the ideas based on the theory of electrolytic 
dissociation for Schwarzcnbach’s conception as regards “the unusual properties of 
aprotic acid”. 

So far, there is no general agreement as to the stereoisomerism of the aromatic 
diazocompounds. As far as the stereoisomerism of covalent diazocompounds is 
concerned, this isomerism does not appear to be proved. Ncvcrtheless, the resem- 
blance of the above compounds to azo compounds whose stercoisomerism is beyond 
doubti is probablc.i3 

Although the isolation of two stcreoisomeric forms of covalent diazocompounds 
proves the prcscncc of stcrcoisomcrism of the compounds involved, but it does not 
confirm the authenticity of the well known Hantzsch theory. This theory does not 

I1 J. F.. Bniskc and 8. A. PornLKoahits. Trt+ I.mningrad, Tekhnol. inst. Im. Lrnsota~ 60, 103 (1960). 
** C;. S. Harriey, .%mur. Land. I@, 281 (1938); f. Chem. Sot. 633 (1938). 
I* R. J. W. Le F&e and J. B. s0uw.J. Chrm. Sot. 3154 (19S5); A. Hantzseh. E&r. Dfsch. Chrm. Ges. 27, 

1894,3527 (1894): A. C1aus.l. Pmkf. Chrm. (2). SO, 239 (1894). 
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involve the cxistencc of stcreoisomefism in general, but the correlation of the steric 
structure of diazocompounds and their reactivity. 

It has been fully established that the only particlc capable of taking part in the 
diazocoupling reaction is the diazonium cation. The chief argument in favour of the 
Hantsch theory is the supposed isolation of two stcreoisometic salts.la Thcreforc, 
the supporters of the stcrcoisomcric hypothesis, linked up the alkaline “syn-salt” 
with the diazocation. Recently, Zollinger advanced the opinion that in aqueous 
solutions the equilibrium between the “syn-salt” and the diazocation is established 
instantly whereas that between the “anti-salt” and the same diazocation takes place 
slowly and from this the “apparent high reactivity of the syn-salt” rcsults.16 

Consideration of this statement reveals that it is based on misunderstanding: 
If the “syn-diazotatc” changes into the diazonium cation more readily than the 
“antidiazotate”, the former possesses not an “apparent” but a really high reactivity. 

This hypothesis supports the Hantzsch theory. as it indicates that under all 
conditions the solution contains the “syn-salt” rather than the diazocation. 

The hypothesis of stereoisomerism of diazo alkaline salts not only explains the 
properties of diazocompounds but accounts for the existence of two diffcrcnt diazo 
alkaline salts. 

So far the isolation of two diazo alkaline salts as two scparatc substances with the 
same composition but different properties has not been verified. Similar substances 

have been synthesized I6 but without any critical approach to the phenomena observed. 
Some workers consider that structural isomerism” may account for the existence of 
two salts. It was dccidcd to investigate the Hantsch theory conccming the structure 
of the two alkaline salts and draw attention to the connection between “syn-salts” 
and the diazonium cation. 

In order to determine if the structural isomerism of salts occurs aqueous solutions 
of p-nitrophcnyldiazonium salts wcrc titrated potentiometrically by means of the 
glass electrode with (I) potassium hydroxide and (2) tetra-alkyl-ammonium hydroxide 
(the tricthyl-benzyl-ammonium hydroxide). Both titration curves were idcntical.18 
As the salts formed from the diazocompound and the tctrasubstitutcd ammonium 
base is completely dissociated. this must also bc the case for the alkaline salt. Thus the 
covalent structure of the diaro alkaline salts is impossible. Hence the structural 
isomerism is impossible since the two acids (the diazohydrate and the nitrosaminic), 
being tautomeric, can yield but one salt. In spite of these considerations some 
investigators assume the possibility of the diairotatc anions, stercoisomcrism 
arbitrarily fixing the double bond bctwecn the nitrogen atoms in the diazotatc anion.‘* 

The potassium infra-red spectra of some diarocompounds show absorptions at 
frcqucncics characteristic of N-nitrosogroup (I 385 cm I) but less pronounced, as 
well as a very slight absorption at (1574 cm ‘) characteristic of the azo group. At the 
same time N-nitrosomcthylaniline and methyla~obcnzene, studied as standard 

1’ A. Hanusch and D. Gcrllourkl. &r. Dra-h. (‘hem. GCJ. 28 , 2002 (IIIYS); I). Gcnlowsk~. Ihtd. 29. 1075 
(lW6); A. Hantcsch. /hid. 29, 743 (I8Y6). 

1) H. Zoll~ngcr. Chrmic dcr A:ufunn~@ p. 61. Rirhtiuscr. Hncel (1957). 
1’ E. Uambcrgcr and 0. Bandsch. fkr. Dtrrh. Chrm. tirs. 45, 2055 (1912); K. H. Saunders, The Arumarrr 

Dta:orompunds (2nd Ed.). Chap. Xl. London (IY4YJ. 
1: A. Hanrzxh and <;. Rcddelien. Dtr Dtnrowrbmdunpn. BerIm (IY21). 
1’ B. A. Ponl-Koshlrs and B. V. Passct, 7iudv I.mingrud. Tckhnol Ins:. im. Lrnroccto 46. 134 (1958); Zh. 

Obshrh. Khim. 29. I407 (IY59). 
1’ 11. %ollmgcr. Chrmic drr Axfurbsroflr p. 61 cf seq. Birkh5uxr. Base1 (1958). 
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com~unds, produced quite distinct absorption bands at the frequencies indicated. 
This proves that there is a system of conjugated bonds in the diazotatc anion rcsem- 
Ming rather the nitrosamine than the azo compound structure. Hence, the hypothesis 
of the stereoisomerism of the diatotate ions should be rejected. 

Titrating potcntiometrically the p-nitrophcnyldiazonium salt at different rates, 
curves obtained by rapid titration characterize the equilibrium not yet established. 
Only by special procedure were curves reprcscnting the stable equiljbrium obtained. 

Ilnfortunatcly. the equilibrium curve for the diarosulphanilic acid was not 

FM;. I. The rlkah and actd titration of p-mtrodiazoixnzcne at 10’ 81 different rates. 
1 rhc curves ubtamcd by dwcct ttrntion with alkslt; the Ima?ron rates (from top to bottom); 

Ihc maximum one pracllcally gal: @I cquiv!min. 044 equiv/min; 
2 the cuwcs of back t~tru~ion wth acid: the titration faIcs (from bottom to top) the maximum 

one practically obtarncd; 0.6 eq!min; 0.2 cq!min: O%WS cqlmin; 
3 equthbrtum curve. 

obtained, as in this case, the reaction bctwecn the diazonium salt and the alkali 
proceeds more slowly than in the cast of the diazo-p-nitroaniline, and the diazo- 
compound decomposes before the equilibrium has been reached. 

The study of the electronic spectra of aqueous solutions of diazocompounds 
from p-nitroanilinc, sulphanilic acid, chloranilines, aniline and many other amines in 
acidic and alkaline media of various concentrations show that there are isobastic 
points for the group of curves rcprcsenting each diarocompound (see Figs. 2,3 and 4). 
These isobastic points prove that in aqueous solutions there arc only two substances 
or particles which arc’ in mobile equilibrium. These particles in acidic and alkaline 
media appear to be the diazo-cation and the -anion respectively. 

The isobastic points for the diazo-p-nitroanilinc were ohscrvcd independently by 
Lewis and Suhr?o. They measured the absorption spectra of solutions, without 
providing for the equilibrium which is established and, therefore, they could neither 

obtain accurate results nor provide an explanation. 
In accordance with the results of spectral analysis WC developed a method of 

separate quantitative estimation of diairocation and concentrations in solution for 
diazo-I>-nitroaniline2’ and diazosulphanilic acid.= 

As all this work has been carried out with aqueous (in some cases alkaline) 
dia~osulphanilic acid solutions (e.g. while studying electronic spectra) and other 

** E. S. trwrs and II. Suhr. 1. Amrr. Clcm. Sac. SO, If67 (1958). 
*I 8. A. i’orai-Koshils and fi. V. Pawzl. %h. f&r, Kirrm. MS. 11. 2580 (1Y5Y). 

” 8. A. Porat-Korhitr rnd (‘hmg Kvrn Tay. Trulfv Iminpad. Tckhd. Inrt. im. &ntocw~ 60 (lY60). 
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compounds but not with the “syn-salt” synthesized by Hantzsch, we considered the 
investigation of Hantzsch “syn-salt” very important. 

Accordingly, the “syn-salt” indentical in all respects with that described by 

Hantzsch” was prepared. Its most important property, viz, the capacity of entering 

FIG. 2. T~pnitro&azobenzenc aqueous Solutions abSOtJNiOn CUrVCS at VtIIiOUS VdUCS Of pli. 
--CL pH = 4.0; ___x__x__~-.ph .,7.38; -----_H ~7.67; 

-+ w f- pH :- 1.98; -pH : 11.0 

FIG. 3. The diazobcnzcnc aqueous solutions absorption curws at vartous values of pH. 
- .-+a pii I- 3.0; . . . . . . . . pH - Y.0; - - - - plI : 2 I I.0 

into the diazocoupling reactions, depends both on the method of preparation and on 
the length of time of keeping. Thus, having been isolated and rapidly filtered, the 

preparation possesses the capacity of diazocoupling, the yield of azo dyes being 
nearly quantitative. Dried to constant weight and prepared for elcmcntary analysis 
(according to Hantzsch) the “syn-salt” exhibits only I I-l 5 per cent diazocoupling. 

After keeping for half a year it completely loses the capacity of diazocoupling. 
Hence, according to the period of keeping there are various forms of the “syn- 

salt” differing from one another in their capacity 10 enter into the diazocoupling 
reaction. 

W A. Ilanusch and D. Gcrilowski. &r. Dtsch. Chrm. CCJ. 28, 2002 (189%. 
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Since only the diazocation takes part in the diazocoupling reaction it was concluded 
that the “syn-salt” prepared for analysis consisted of 1 l-1 5 T/, diazonium salt with 
the required amount of the alkali and the diazo alkaline salt. Comparing the results 
of our own elementary analyses with those of Hantzsch this conclusion was confirmed. 

FIG. 4. The 2.bdichlordiazobcnzcnc aqueous solutmn absorptton curves at various values of 
-w- pl1 r. 4.0; . . . . . . . pH -. 7.7; - -- pH m 11.0 

Hantzsch considered the “syn-salt” as homogeneous and in order to accept the 
analytical data obtained, hc supposed that the “syn-salt” crystallized with I.5 
molecules of water. 

By means of diazocoupling in buffer solutions with 2-naphtol and the subsequent 
calorimetry of the solutions obtained, our assumption that the analytical sample of 
“syn-salt” was a mixture of substances has been confirmed. The sample contained 
1 I.3 per cent of the diazonium salt. 

In additiona sample of this”syn-salt”was titrated with phcnyl-mcthyl-pyrozolonc- 
sulphonic acid following the usual procedure adopted for the determination of 
diazonium salt,U and the results obtained show I I.4 per cent of diazonium salt. 

Another sample of the “syn-salt” containing 31 per cent of the diazonium salt 
(According to phcnyl-methyl-pyrozolonc-sulphonic acid titration), was titrated 
potentiomctrically and polargraphically and the percentage diazonium salt confirmed. 
The so-called “anti-salt” (i.e. an ordinary diazo “alkaline salt”) showed no oxidizing 
properties during the titration and the diazocation produced a curve the height of 
which corresponds to the quantity of the diazocation in the solution. These results 
are in accordance with Hodgson and MarsderP who showed that the “syn-salt” is 
reduced by sodium-stannitc while the “anti-isomer” fails to enter into this reaction. 

In order to reject the conception of “instantly set in equilibrium syn-salt-diazo- 
cation” we obtained the electronic absorption spectra of the diazonium salt from the 

u 1. V. Grachev. Farrory lab. 2. 154 (1945); ibid. c5,435 (1946). 
u H. Hodgson and E. Manden, 1. Chrm. Sot. 207 (1945). 
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sulphanilic acid (i.e. in acidic media), the “anti-salt” (in alkaline media), the “syn- 
salt” (containing II.3 per cent of diazonium salt) and the diazonium salt mixtures 
with the “anti-salt” at pH corresponding to the “syn-salt” solution. The “syn-salt” 
absorption curve coincided with the mixture CURC of the diazonium salt and “anti- 
salt” containing I I.5 per cent of diaronium salt (Fig. 5) and hence, Zollingcr’s 
considerations are invalid. 

lnstcad of the “stercoisomeric” hypothesis which has not been confirmed WC 
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FIG. 5. The p-diuobcncrnencsulphonlc ad aqueous soluttons absorption curves. -_te 0 - 
The cauon absorptmn curve (ad mcdlum) -- - the so-callctl “syn.call” absorprmn 
curve 41 pH 10.0. . -‘. - i - rhc punts of the urvc reprc.unting the 11.5”. dlazomum 
silt ulrh R&S 0. “anll.salt” and alkah mlxturc. .- - rhc anwn abwrprlon curve (alkalt 

mcdlum). 

suggest that the propertics of aromatic diazocompounds depend on a state of complex 
equilibria as follows:+ 

H* 
R-N N-AC +e R-N’, 

Ac- 

The position of the first 

OH- OH- H- 
+-- R-N N-OH tf R-N,0 .yz R-NH-NO 

He H. OH- 

partial equilibrium in this general equation 

R-N: N-AC +. R-N,’ . AC 

depends on the strength of the acid t1X. 26 The weaker the acid the more this cquilib- 
rium is shifted to the left and the equilibrium constant for acetic acid according to 
Dc-Tar?’ is less than ICI5 

Hence by applying weak acids, such undlssociatcd substances as diazoacetatc, 

diazocyanidc and diazosulphonate ctc can be isolated. Evidently stcrcoisomcrs are 

likely to be found among these covalcntly built substances. 
The application of strong acids shifts this equilibrium to the right; the decrease 

l These cqutlibria have been prcwously dtscussed. 

*’ A. Ilanwsch. &)cI. I>r.rch. C’hrm. Gcs. 33. 2179 (1900); A. Itantuch and H. Euler. Ibid. 34, 4166 (1901). 
*: D. F. DC-Tar. J. Amer. <‘hem. Sm. 77. 1745 (1955). 
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and solubility of the diazonium ionized salts favours the isolation of co-called 
“active” stable diazocompounds. This has application in industry and the compounds 

may bc isolated as sulphatcs,m salts of aromatic sulphonic acids eD or in the form of 
double salts with the salts of tin.30 zinP or other metals.3? 

On account of the amphotcric nature of the diazohydrate the following partial 
equilibrium between the diazonium cation and the diazohydratc is inseparable from 
the equilibrium between the diazohydrate and the diazotatc anion and is perhaps the 
most important conversion of diazocompounds: 

OH. OH 
R-N,’ s R-N. N. .OH z? R-N,0 

l-l* H. 

In this equilibrium. the reaction bctwccn the dia/.ocation and the hydroxyl ion, 
proceeds more slowly than the subscqucnt interaction between the diazohydratc and 

the second hydroxyl ion. Consequently the equilibrium is established slowly and 
eventually the solutions do not contain any diazohydrate. For some diairocompounds 
the above equilibrium was studied quantitatively, the spectral method being applied 
for determining the quantities of the diazonium cation and the diazotate anion. In 
the cast of diazo-p-nitranilinc this equilibrium constant*’ was found to bc K 
6.3. IO ‘6. 

The slowness of the first stage of the equilibrium is rasponsiblc for “the cxistencc 
of two alkaline salts” and the “syn-salt” is thercforc a mixture. ‘I’hc diazonium salt 
and the alkali react cvcn in the solid state producing the alkaline diuocompound 
salt. All the propertics of the “syn-salt” arc in agreement with this approach. 

The last partial equilibrium: 
H. 

R-N,O- ;z R-NH-NO 
OH- 

rcprcscnts the dissociation-molarization of the nitrosaminic acid. It is characteristic 
of the tautomcric equilibrium between the nitrosaminic acid and the diazohydratc. 
lncreascd alkalinity of the medium shifting the equilibrium towards the dialotate 
anion which may be isolated by dccrcasing the solubility of the diazocompound 
alkaline salts. Such prcparationP arc known as “nitrosamines” and “antidiazo- 
tWh”, names WC’ consider as incorrect. 

The alkaline salts of the diazocompounds have found application in the dyeing 
industry as “passive” stable diazocompounds,33 IX. substances which cannot undergo 
the diazocoupling reaction bccausc they do not contain any diazocation. After trcat- 
mcnt with acids these alkaline salts are changed into the diazocation and acquire 
activity. 

In some casts by rapid acidification of ths diazocompound alkaline solutions, it 
is pos>iblc to isolate the unstable nitrosaminic acids (“free nitrosamincs”). Gradually 

the nitrosaminic acid prccipatc dissolves, a spontaneous increased pH of the 

” IWl. Pal. 21227!Y4 (M LB); Gcr. Piw. 85387 (M L B); Frd. 4. 673s (1899) Gcr. Pat 622304 (I.-<;); 
(‘km. Ahr. M), 5X03’ (1936). 

*’ <icr. Pat. x1039; Frdl. 4.673 (1899). 
” P. Gncss. Rrr. Drwh. Chrm. Grs. 18. 965 (1885). 
” Gcr. Par. 484894 (I-G); Frdl. 15. 569 (1928). 
” A. N. ~CS”EJUKh. Err. D/sib. Chmm. Gcs. 62. 1018 (1929); Ibid. 68. 18771.11 (1935). 
u C .Schmubc and C‘. Schmidt. Rrr. Drsch. Chrm. Gcs. 27. 514 (1894). 
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medium taking place. This conhrms the idea that the equilibrium between the 
alkaline salts of the diazocompounds and the mineral acids as well as between the 
diazonium salt and the alkalis takes place slowly as cstablishcd by potentiometric 
titrations.*‘ 

All the puzzling chemistry of diazocompounds is understood if we take into 
consideration the amphoteric nature of the diazohydratc, the tautomerism between the 
diazohydrate and the nitrosaminic acid and, finally, the slowness ofsomc neutralization 
ionic reaction9 in particular the reaction between the diazonium cation and the 
hydroxyl ion. 

The only conception of former views which should be retained is the stereo- 
isomerism of the covalcntly built diazocompounds (such as the diazocyanidcs, the 
diazoacctatcs, ctc). But this is beyond the scope of the Hantsch theory and conccms 
phenomena frequently met in organic chemistry. 

8’ 0. I:. Gmsburg, Zh. Obshch. Khim. 23, 1504. 1677 (1953); A. A. Frost and R. G. Pcanon. Kinetics and 
.Vcchunlzm p. 113. McGrawiIill. h’cw York (1953). 


