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I. INTRODUCTION 

The USC of bcnzidinc as a qualitative drop reagent has already been described 
in detail in the litcraturc. Actually this compound, on osidation, gives rise to a 
blue colourcd compound having a mcroquinonoid structure. Thus in acid media, 
one obtains a fairly selective reaction with V’G-ionsl, while in alkaline media this 
compound can bc used for detecting cerium, cobalt, mangancsc and silver, which 
also give rise to bcnzidinc-blue by autosidation2. 

It appeared to us that the study of other amino-diphcnyl dcrivativcs was not 
without importance. Hcncc we have studied first of all 3.4-3’.4’-tctra-aminodi- 
phcnyl, which one would expect to show a certain analogy with benzidinc. 

WC>-C>N I-I, 
H,N NE& 

Dumlnobcnzltlinc 

This compound, called diaminobcnzidinc by PIEN, has already been studied by 
him in connection with the estimation of diacctyl in buttcr3s *I. 

II. PREPARATION OF THE REAGENT 

Since this compound is not yet available commercially, WC give below a dcscrip- 
tion of the preparation of diaminobenzidine as given by the previous author at the 
International Congress for pure and applied Chemistry held in London in 194.7. 
When prepared in this way the compound is quite colourless and may bc kept for 
a fair period. 

A. REACTION SCHEME 

\ NO, \ l\rO.? 
NlICOCl-I, 

,Nl Jz 
NHC OC l-1, NO, NM, 
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IS. hI@TIIOD 

I. Acetylntiou of Denzidinc 

Bcnzidine, 25 g, is ground into a paste with 50 ml of glacial acetic acid and then 

treated slowly with 30 g of acetic anhydridc, the mass becoming very warm. The 

resultant acctyl derivative is filtered off, boiled with alcohol to purify it and, after 

cooling, is filtcrcd off and dried. 

2. Nitration 

The acctylatccl bcnzidinc (30-35 g) is introduced in portions of one to IWO grams 

into 120-140 g of fuming nitric acicl (tl = r.qS), while the reaction mixture is 

cooled (tcmpcraturc below 40”). The reaction misturc must lx workccl up quickly 

and as soon as the last portion is added, the solution is poured into 2-3 litrcs of 

cold water, washed and finally dried. 

3. Myduolysis a/ Ilie (icclyl ricrivcttivc 

The nitro-dcrivativc (4s g) is suspcndcd in 300 ml of :~lcol~ol and to the misturc 

is added 20 g of potassium hydroxide dissolvccl in IOO ml of water. The nxsturc 

is boiled for 5 min and on cooling, crystals scl>aratc from tllc red solution and arc 

filtered off ancl subscqucntly clricd. 

4. Rctluctiou 

For 5 g of nitro-derivative a solution of 27.5 g of stannous chloride clissolvccl 

in 25 ml of IO N-hydrochloric acid is prcparcd. This is licatccl on tlic \vntcr bath 

and the nitro-dcrivativc is added in small cluantities at a tlmc. ‘l’hc reduction is 

complete after warming on the water-bath for a further two hours. 

5. .Sej!mmtiou of the hydrocldoricic 

IO N-Hydrochloric acid, 50 ml, is added to ~hc rcducccl solution, which is then 

allowed to stand aside and the crystalline precipitate is filtered off, redissolved 

in 200 ml of wntcr, a current of hydrogen sulphidc passed through the solution 

to remove tin, which is filtered off. The motherliquids are then treated with 

hydrochloric acid until at least 3 N. The chlorhydratc precipitates completely 

after J/2 hour. It is dried in vacuum and kept in the dark. In this way the resultant 

product may bc kept for long periods. 

III Dlh~llNOCLN%IDINl: AS A RI:ACI:N’I. FOR \‘r\N.\I)IUXI 

A. PRELIMINARY INVESTIG.\TION 

Like benzidine, diaminobenzidine gives rise to a coloured compound on oxida- 

tion. The resultant clyestuff is violet and considerably more soluble than benzidine- 

blue, which makes it less suitable for a spot test 011 paper, since the dycstufl 

diffuses in the paper and the reaction thcrcby loses in sensitivity. 

Iicfercricrs $x 40s. 
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The ions mentioned in Table I were examined systematically with a 0.5% 
solution of diaminobenziclinc hydrochloride in water (in which the hydrochloride 
is readily soluble) as regards their behaviour towaleds this reagent. Columns I, z 
and 3 give the results in neutral, alkaline (3 N-NH,) and acid (3 N-HCI) media, 
rcspcctivcly. Phenomena which arc to bc ascribed cxclusivcly to the ammoniacal 
or hydrochloric acid medium itself, were not rccordcd, for simplicity, unless they 
had a disturbing effect. 

The proccdurc was as follows: 
One drop of the solution to hc examined was placed on a spot plate followed 

by one drop of rcagcnt, one drop of 6 N-NH3 or of G N-HCl being added before 
the addition of the reagent when au alkaline or acid medium was being in- 
vcstigatcd. 
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No 
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Ion Cont. I 2 3 
-- 

Compound 

--- 
‘I 

TI TJCI, 10-3 Yellow Yellow Yellow 
Zr Zr (NOJr 10-a Calwrlcss Colourlrss Colollrlcbs 

Th TII (NO& .I I-f,0 10-3 ,. ,. ., 
BC 13co 10-Z ,* .I I, 

-11 TINO, 103 ,) *. I I 

Ca Gil 104 ,* ,. 
In In IO-3 ,. .I II 

Zn %nWQ), 10--a ,I ,. ,. 

nln hln(FiO,),..~ I-l,0 10-1 0. 9. I. 

co Co(NO,), G Ii,0 10-z T?lnlc Plnlc P1nlc 
Ni NI (No&.G I I,0 x0" Grcm Green Green 

J&l J3:t (NO,), 10-z Colocirlcs*, Colo~irlcss c010111 less 
Sr Sr(NO& 10-z I, . . 
CL cxco, (In IICI) IO-= . . I, 
nig Jlg(NO,), c,I-I,0 10-Z 0 ,, 
I.1 I.ICl 10-a ,* ,a 
N.L NnCl lo-= I) . . 

::I, 
ICNOJ x0-3 ,. . . 
IZbCl x0-3 0 ,, 

Cs CsCl 10-1 ,. ., 
Nl-I, NI-J,NO, x0-3 ,* ,. II 

--- 

I. The ions arc numbcrcd in the same order as used in the 2nd Report’. 
2. The test solutions were prcparcd according to the method given by NOYCS~ 

or by NOYES AND BRAYS, unless otherwise stated. 
From the results given in Table I it appears that diaminobenzidinc in an acid 

medium gives a violet oxidation product with V CG, Au+~ and Fe+3. Of course, 

strongly oxidizing ions like CC+~, Mn04-l and CrO,-*, also react. If USC is made . 
of phosphoric acid instead of hydrochloric acid, the reaction with Pc+~ is clim- 
inated; these results arc collected together in Column 4. 

I. Mechnnisnt 

B. DESCRIPTION OF THE REACTION 

Diaminobenzidine gives rise to a violet colourcd osidation product, probably 
having a structure similar to that of benzidinc-blue. 

2. Method 

On a spot plate: One drop of phosphoric acid (d = 1.80) and one drop of reagent 

are added successively to a drop of the tested solution. In the presence of V+s an 
intense violet coloration is produced. 

References p. 408. 
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3. Scnsilivily mu2 sficcificily 

Dilution limit: D I : 2.10++'. 
In the absence of osidising ions the reaction is specific to V+G. Ox&zing ions 

as Auks, Cc-‘*‘, MnO,-l and CrOdm2, should be avoided. Besides, the actual colour 
of Cr-13 intcrfcrcs if the concentration of this element is grcatcr than I : z.xd. 
The prcscncc of SO,,-2 should also lx avoidccl since diaminobcnzidinc sulphatc 
is only slightly soluble A yellow prccipitatc is formed with SCO,-~, so that in 
presence of a conccntralion of 1om2 of Se, V-CG can bc dctcctccl with certainty only 
to I : 2.10’. The clcmcnts J;c+:l, Mo+f’, \+‘+a, Ti+l and Mn+2 in a ratio of IOOO : I 

do not nffcct the rcnction. The remaining clcments in a ratio of IOO : I do not 
intcrferc with Chc reaction. * 

\ 4. RcrlgeilLs 

a. o.5’Yu dinminobcnziclinc hydrochloride in water (the solid rcagcnt can bc kept 
indcfinitcly, but lhc solution slowly becomes colourcd when csposed to air). 

lx phosphoric acid (d = 1.80). 

IV. DI:\hIINOl311N%IDINE AS h REAGENT I--OR SELENIUM 

From the csnmination of diaminobcnzidinc as a rcagcnt for V-lG, it has already 
appeared that sclcnous acid in either neutral, alkaline or acid media, gives rise 
Co a yellow colourcd, insoluble compound. Thanks to its great sensitivity, this 
rcnction is of practical significance for qualitative analysis. In the ENICII tube it is 
indeed possible to dctcct SC-‘-*’ at concentrations down to D = I : IO". 

A. MECl-IANISnI 01: THE REACTION 

Unlike most of the reactions used for the detection of selenium, the reaction 
dcscribcd hcrc does not depend on an osidation-reduction process. The diamino- 
bcnzidinc is not osidiscd by sclcnous acid, but a dipiazselcnolc is formed, as has 
already been described for other ortho-diamines. With toluylene diamine, for 
instance, methylpiazselenole is formed, while I.&naphthylenc diamine gives rise 
to the corresponding naphthylencpiazselenole a, When one molecule of diamino- 
benziclinc is allowed to react in aqueous solution with two molecules of sclenous 
acid, a yellow precipitate of diphenyldipiazselenole is formed immediately : 

N=Sc 
NH, 

< 

I 
WI, L 

ci 

.rl: 

/ 
-t_ 2 sco, -* + .I I-l,0 

/\ /\ 

Rcferoaccs p. 406. 
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I. IAxlificaLion of lhc ~ia.zseZcnoZe 

Diaminobenzidinc hydrochloriclc (xoo mg) is dissolved in IOO ml water and to 
the solution is added 44 mg of sclcnium (as sclenous acid), a yellow prccipitatc 
of diphenyldipiazsclenole being produced immediately. After standing for a little 
while, it is filtered, washed with water and then rccrystallised twice from glacial 
acetic acid. The pure compound melts at 292O (uncorr.). 

The dipiazselenolc is insoluble in water, G N-HNO,, II N-NC1 or G N-NH, and 
slightly soluble in alcohol and boiling glacial acetic acid. It crystalliscs from the 
latter, on cooling, in the form of small neccllcs, sometimes aggrcgatcd to star-like 
clusters. The compound is fairly stable to osidation, but it is rcduccd, howcvcr, 
by stannous chloride giving clcmcntal selenium. The basic propcrtics of the comp- 
ound arc very weak. \Vith 35 N-sulphuric acid, howcvcr, a red colourccl salt is 
obtained, which immediately hydrolyscd on addition of water. 

2. A ndysis 

Nitrogen detcrminntion (micro-Dumns) 

3.041 ITl6' 0.4~5 ml N, (p 443 mm; t 227 15.43% N 

Sclcnium determination 
After destruction with fuming nitric acid at 250”, the solution is diluted with 

water, ncutraliscd with ammonia and recluccd to elemental selenium with an 
cxccss of hydrazinc hydrate 

0.1170 g of product gave 0.050 g SC i.e., 43.53% Se. 

Calculated for (C,,l-J,N,Se,) : x5.330/, N alid 43.41:/o SC. 

I3. DESCllII'TION OF THE hNALYTIChL REI\CTION 

I. Method 
Ten drops of the solution to bc csamined (3 N-HCI) arc introduced into an 

EMICU tube and three drops of the rcagcnt arc then added. In the presence of SC 
(as sclcnous acid) there is produced immediately a yellow, amorphous precipitate, 
or, for very low concentration (x : 10~ and lower), a yellow coloration. For dctec- 
ting small concentrations of selenium it is essential to use a perfectly colourless 
reagent and it is necessary to carry out a blank. The colour intensity is a maximum 
only after a duration of about 5 minutes. 

2. SensiLivity ad sjmificily 

Dilution limit: D = I : 106 = 10-o. 

The reaction is specific for Se+4. 
Of all the ions investigated only Se+j gives rise to the formation of a yellow 

precipitate. Se+O gives rise to a weak reaction (simultaneous presence of Se+4’). 
A piazthiazole is formed with sulphur dioxide but it is colourless. Osidising con- 

Refavnces p. 408. 
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stituents must be eliminated othcrwisc they give rise to a violet oxiclation product. 
Fc-1.3 also should be fixed by combination with KF. Mo+O gives a pale blue tint 
such that at a concentration of IO-~ of MO, Se can be detected only to 10~. Te+” 
and T&O do not give the reaction. As already established by T;erc~~, small quan- 
tities of SC can always bc detcctcd in commercial Tc salts. About 0.01% of SC 
can bc clearly recognised in a IO-~ solution of Tc. All the other ions given in Table I 
wcrc examined at a dilution of IOO : I. They do not intcrfcre with the reaction 
except in so far as their own colour acts deleteriously. 

3. Rcagcnls 

2.5 “/” diaminobcnziclinc hydrochloride ill \vatcr. 

WC thank Mr I'IEN, who so willingly placed a sample of dinmiliobcnzidinc at 
our disposal. \Vc woulcl express our best thanks also to Prof. Dr J. GII,LIS who 

proposed us this iuvcstigation. 

SUhIRlALCY 

First of ~11 tll.imtnol)cnzitll~lc IS tlcscr~bctl as n rcagcnl for V CG. 11 I~_4l,tvcs 111 thlh rcspcct, 
similarly to lx2ruitlinc. On the olhcr hnnd, wtli sclcnlum thcrc 1s formation of n pi.~zsclcnolc. 
w111ch 15 lnsolublc In both ;LCK~ and ;dlcallnc mcdm :tncl is lntcnscly yellow colourctl. licncc It 
is possible to clclcct SC+~ in 11115 way In tlllutlons clown to I : 10~. At the h.tmc time tiic rcdctlon 
is quite spcclfic, but is intcrfclccl w11h by tlic prcscncc of o.xdlzing coilblILucnls. 

‘I‘out cl’xbord, 1.~ rlinlnIliobcnzltltnc es1 tlhcriLc commc rC.\cLlf tic V”“. Ellc 5c comportc 
commc Id bcnz~dmc. 

D’autlc part, nvcc Ic s&lbnlum, 11 y ;L formation d’un pi;izsclcnolc insolul~lc ct tl’unc Lolorn- 
tlon jaunt, soit cn mllicu .dcalin, sort cn milwu ncidc. 

11 cst posslblc tic clhxlcr, h I’;t~clc dc cc rhctlf, lc s6lCnlum cn rlllutlon I : 10~. 
En plus, In rbnctiou csl tout h fdt sp6c1fiquc, mnis cllc cst gCn&2 pxr Its osyrlnnts. 

%unhchst wrd Dinminobcnziclin nls Rcngcns nuf V +s bcschrlclwn. E:s vcrh:tlt sich dabci 
uhnlich wit Bcne~lm. Antlcrcrscits trill_ mlt S&n CIIC B~lclung cincs P~.~zsclenols auf, dns sowohl 
in saurcn WC nlknl~sclwn Mcdin ur~losldl 1st untl intcnslv gclb gcf<rrbt 1st. Dnclurcll ist cs 
mdglich Scf4 nuf clicsc \\‘cisc in Vcrdunnungcn his 211 I : roe ix1 bcstimmcn. Glcichzcitig 1st die 
Rcnktion sclir spczifisch, wrtl abcr clurch clic hnwcscnlwit osyclicrcndcr Bcst.mdtcilc gcstbrt. 


