
CHAPTER - III 

A. Struotu,r.e of the D,le!: 

Four cationic dyes of phenothiazine class have peen 

chosen in the present work. The structure of the dyes are a.$ 

follows : 
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B. synthesis of.the Dyes; 

The thiazine dyes may be synthesized by t.b.e follow­

ing three steps (1). 

{a) Nitrosodimetbyl aniline is obtained from dimethyl 

aniline .by treating it i.n b;rdroohloric acid sol.ution with 

sodium nitrite. This nitroso compou.p.d iS reduced obtal,ning 

there by . the p-arnino dimethyl aniline. 

(b) The P""'amino dimethyl aniline in an acid solution 

is OXidiSed together With additional molecule ot dimethyl. 

aniline and simulta.neou,sl.y the thiosulphurio acid is intro­

duced iJ.1.tO the molecule-. :Chi~ separates in t'he nascent state 

when oX'ldation is done in the presence of ffibioauJ.phurio acid. 

(o) This th:Lor;sulphuric acid i,s now tran@terred into 

Methylene »luQ or othe~ thiazine dyes by ring olosute• 

-~(R)ro;oN(~2'..,._.;. ~-+~ (R),No:n~(R~ Cr 
S03 H 

R = H J CH_3 , Cgl-!5 



(a) p•Juninodimethyl. (or diethyl) aniline: 

o •. 2 mol~ ot pure dialkyl aniline is taken in 75 gm 

of oonc., HOl (30% HOl) and' allowed, to cool~ Afterw~da, it · 

ia· treated w:L tb. 150 gm ot ice and. to this is dropped, within 

one hour, 14.7 gm of 100% SOdium nitrite (as 20% SOlution). 

The formation of the nitroso compound is complete in 4 hours• 

110 gm ROJ. (30%), 200 gm ice and at 15 minutes time 35 gm of 

good zinc dust iS added at small instalments with constant 

stirring. -The temperature may be raised to 25°0 without any 

harm. The solution is now co].ourless and the milleral acid 

becomes neutralised; this is filtered and the zinc dust is 

washed well with little· water. 

(b) The follOwing solutions are ~ed with p"'!'amin,o 

dialkyl aniline whioh- is :made acidic with 4 gm. of cone. 

HgS04 and mixed with 100 gm. 50% neutral Zn012 solution. 

Solution I = 38 gm. of pure aluminium sUlphate in 60 c.o. water. 

Solution II = 52.5 gm. sodium tbiosulpliate in 60 o. o. water. 

Solution III • l/6 mol~ o£ dialkyl an,iline in 27 gm. oono. HCl. 

Solution IV -.. 57 gm. of sodium dichromate in. 90 o .-c. water. 

Solution V • 25 gen.~ o£ very finely ground pyrolusite in 30 c. o. 

water made to a. homogeneous paste. 



.. so- -

~hG beal~er containing p-am.ino dialkyl aniline is 

oovared a.tld a; ;}at tlf stoa.m is in:trodu.ood throagh a. tube. i'lQW 

r\1\d-er good stiJ:rin,g ·Of the above a.t ord.iuary i,iem~rat~e, 

a<f>lu.tion. 'I ie added, thett aolutiOJ:.l. II an.d iannediately afte:r 

two aea~ll!is l./31'd ot solu.t10fl. IV oo~esponding to 19. 6l'il• o;t 

1 eodittm diohl?fJr~~ta. ~hrough intr•ldttc1rion at -stGa~, the tem-
/ 
I peratu~e ot the. mixture iS l?aised. to 40°0, it ia tbEHl treated 

'/ 

with solution III tuld ·t.n~ ~emainder Qt t:lOlution. IV and heated 

re;r;i<tl.y to 70°(). The aolu.tion. becomea dark gree.uiah blu.e. At 

70°0 one adds the p·aate of' V ana. tu~ata to_ 85°0. 

('I!ha pu,rposa of' th.e addt tio.n of pyrolusi t~ ia ring 

oloau.re ft'eeing $talphu.rau.s tt.eid w!lich ie oonv~rted into 
. ' 

u:m-eaotiva d1:thtonate i :Cbe pl.a~e o.f ·pyrolusite cOUld be taken 

by copper anl9hate,) · 

At 85°0 ·the soltt-tion aasWJles a beau.tit"ul won2;e luster 
. ' 

and the ~;~~ p:rec1p1tatee o~t of the: oonoentratad ~inc chlOride 

eolutiOih After half ~n. ht'hil?,: the aoluti.on is coQl.ed to 50°0 

and, 70 g~~ <>f oone. aulpbur.ic aeid ie a.d.dadt whioh dissolVe$ 

the manganes.$ aalt, the etlumin.ium hyt1ro.a:td' and onromiu~ .o.ld,de. 

At 20°0 it is fi.ltered and washed with a little qf 1% britle• 

~be crude blu.e -tter !e disaol ved i.A one liter of \~ater at 

100°0 • the undissolved ma.tarin,l is filtered off and the clear 

filtrate preoipttated w:J.th 50 I!J.fU Ol"'dinary 50% zino chloride 



solutiOn ~d ~60 gm. of common. sal.t. J~.£ter.24 hours the zinc 

chlOride dou.ble salt is preoipita ted ar:J a magr~1fic1ent, bronze 

r.ed deposit; this ia filtered an.d washed wi tll abottt 10'1S aa.l~ 

solntio.n. The compound ia dried below 50°0. 

In orde~ to separate Sino from the compound t the 

.aqueous solution of the dye is raised to pH s~o and allowed 

to stand !Ol' half an hour when zino hydrrut:Lda is precipitated 

f:rom the solution and is fi.lterod oft. 

h<?E-1.&~\ll,i~At.:ton of Ji:iM3 
:Cha .d.yea are racry~talliaQd t.bx>ioe f~om water-ethanol 

miJtture. A:iN-;cy;t-. :tecrya·tallisa,tion.., ~inc is separ.ated by preci­

pitation as zin.o i\Ydl'()i!:ide at. pH a.o and the zinc .byd.ro.Ude 

ia itlte:red aft. ~f~er separation of zino,. th~ dyes are again. 

. reo'l!y atallia~ from Wf;)ter~cohol miXture. 

ld~~~~ca~i~n,otD~§!* 

FO:rmt-ln$lc reported ( ~) the absorption peak ot a ,llW'Jl ber 

of' au.batituted thion.ine dyes, The prepared dyes also g~ve 

identical chat•acterietic ab$Dl~~1on b~d• llosulta ~ pre.sen­

ted in Table - 1 • ·The analy~ioal data are also shown b.f)low. · 



'A. max ilolvant, .bu.f'f\;~red E;ttt inotion 

Methylena :OO.ue 

Dieti'Wl dimetllyl 
ThionU!e 

595 ~ 

660 nm 

'at pll 4~ 115 uo-afficiant 

w1.1ter 

water 

3.8 X 104 

8.4 ~ 10~ 

wate~ 9.4 x 104 

wat~r a.7 x 104 

:IUsiht.....,) _! .· .r. '_(_...a·mm• ' l fl!' .1 tFtHt ---~--... -· _, ..... _____ ,_ ... __________ _ 

0 = 54.70%1 It = 3.'18%; !f : 13.28%; 

S ;;. 12.121&; Cl ~ '16.00%• 

methylen.e Blue • o = ~~oo~;; H • 5.69~; N .. 15.l6fo; 

s - 10 .. 05Jh (;]. ;;_. 11,. 00% •. 

Tatraet.byl 
· TM~?nine# 
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c .• Purification o_f Methylene Blue' 
~........._. •• ""'!'!: ................ ~ 

It is known tha:t cqmmereial. Methylene Blue contains 

the degradation· product o~led trimethyl thionir~ or Methylene 

azure :s. In acid solution the impuri v hae got blue colour and 

in alkaline medium, around pH lo.oo, the colour ot the com-. . 
pC>und is pinlt·• The compound can, therefore,. act as an acid­

base i~ioa.tcr .. !I!~e aoid•base equilibrium may be expressed as 

(XJ~D. H 0... , ~ y:, N S N .-:-CH.:s 
Hj/ ' .. ' 

.At low pH the impv .. rity is ohs,rg~ molecul~, whereas 
. ' ' 

at high· pH it is aPp~ently neutral. -Solubility of the neutral 

mo:i,.~oule is higher in ethanol. 

:F:rom 1ihe different. partition co-efficients of tb.e 

ionised Methylene Blue and the neutral impurity betwee~ aqueous 

and or~~u.ic ·pnasea, ant e:xtraction procedure f.c>r the ·purifica­

tion o£ commercial .. Methylene Blue was suggested by Bergman and 

O'Kpnski (3). FollOwing the ~ame .method the solution contain-

ing about 0.1 gm:. of Met}lylene Blue in 100 c.o. water was raised 

to a. pH o.f 10.5 by .NH40H and it was then extracted 10 times 



wi·th 100 ml.. ot '.ehiopb.ene :fr~e Benz~ne '* It was eas eutial that 

the ext~otio.r.t ahou.ld be as !nat a(;) possible since in basio · 

solution MB would be oonvGrted into the impUrity • nu.=ing the 

extra.otiot:s., the r11..~ colour o:t: the ben2fen~ p.h.ase br~ca.me almost 

aolourl~Se• !elta (lemetbylntion rooet:ton is eVi.dau:tly base 
0. 

oatalysedl thGrefore, the pll of the aqu.~oua aromon.~co.l pbaae 

was lowered attar the ext:r.-action from 10.5 to a.o ill order 

to prevent f~lrther reaati<>n of the M43 .. This war~ a?i\1evad 

conveniently. during evspox>a.tion in a vaouum-drJ:ing apparatus 

at room temperature~ 

D. ~f!.!~t.tti.O!!;, .. ~f IDhi,QZi!!2,.,D;y$@.1 

(a) -!l? .. c .. OtlL~ml.}t~J.o, .... Tt;it:at"i 2a. ( 4) 

Stock solution of "'11hj.uzin.a dyes of the order of 

6 x 10~3 M wa~ use~ for. the esti~tion o£ dyes~ 2 e.c. of 

iJye aoltrti on was .mixed with 2 <h th of 4 .i:l UOl iA a glass 

vessel, wllio:h was kept in water bath at 70°0. Carbon dioxide 

gas was passed in the solution tc· prev~nt aerial OXidation. 

The clye solut:i.oz:t. was tr~atad with al;ieorbic aoid a<>lutio~ of 

the order of 10•2 M. i'he course of t.itrat:Lon. was followed 

potentiOntatrlcally with a platinum indicator al~otrode with 

~a.lomel. as ref'erence. The potential. bec~me constant near the 

eqttivalenoe -point, ·th:ta being shown by al"l'OW in tb~ Figs •. l(a), 

l(b), 1{o) and 1(tl). At ·tna equivalence point th.e dye loses 

its colo-ur. :Pha ·same method waa !Ollowed for all the dyes. 
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FIG. 1 POTENTIOMETRIC TITRATION OF (a) T HIONINE - 2 ml, 

b) M.S.- 2ml, (c) DEDMT- 2 ml AND (d) TET- 2ml BY 
. -3 

ASCORBIC ACID. CONC. 4.92 x 10 M. 
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The reducing p~operty of ascorbic acid is well known. 

The reduction. o£ thiazine dyes· ta)l:es place according to the 

following mechanism, 

+ HG 

.{b). Ferry:' a Jiieth2.{! (5) 1 

The method is ba,sed on the. precipi-tation of thiazine 

dyes with potassium dichromate. The complex is formed on 

replacement of chloride ion of the dye by dichromate ion. The 

c.omplex is . very nearly insoluble in water . or dilute acetic 

acid containing a moderate excess of dichromate but is slightlr 

soluble in presence of sodium acetate~ Unlike the precipitate 
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in the A.O.A.•O• iodide ·method• tile precipitate hn$ a compoai- . 

tion indepen<1en~ w.ithin Wide limite of the exoesa of the re­

agent and aince a stable reagent :ts used, the procedure is 

more conveni~nt thau the ti tanous chloride metho(l. 

!9.lJA~.ii~li:!: 

To 4 c;;.e. of a9lut1on containing about 20 mg. ot dye 

oO mt. ·of O.:l. N potassium dicb.roma.te is added. :'l!he mixture is 

. left fol:' 5 minu:tea with ocoa.stoJla.l shnkiug and .filtered through 

t~o. 3 Gooch oruo:i.l~le an.d the precipitate ia waahed with 2 o.o. 

o£ wa.tor• A te~deney to olog the filter can be pravented by 

heating the reae'ti.on mixtut'e to 75°0 for 5 minutes and coOling 

to room teraperature before f'il to ring. No dacompoai tion occurs 

dn~ng this t~aatment. ln the Table -2, the resulta of Ferry's 

method anti those obtained by aao01:bometric methOd are compared. 

~he results sh~v that· tba ·two methods are in exc(;)llent agree-

ment. 

Dye Ascox-bometric rrtethod .b'erry•s methoii, 

--------------------------•··~~··-·~-·-n·~~-·-==---·--•-•----•--•·~----------

M:etbylene Blue 

. Diethy1 <iimethyl 
Thioninl) 

1 soa x io~2 M . . . 

1. ·G23'1 X 10 • 2M 

1.004 X 10-2£:1 

1.6226 X 10 .. 2i! 

•2 1e727'1 X 10 M 

-uw-•-•-~-·~•-,-·-•~~·~~~-·~·-------· ~--~~·-•--•••~.$wM_. ____ . ___ .. __ , _______ ~----------------------
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