New Jersey Institute of Technology

Digital Commons @ NJIT

Theses Electronic Theses and Dissertations

6-30-1953

l. Certain azo dyes derived from 2-amino phenol-4-sulfonic acid; Il.
A study of the reduction rate of 2-nitro phenol-4-sulfonic acid

Albert Edward Cohen
New Jersey Institute of Technology

Follow this and additional works at: https://digitalcommons.njit.edu/theses

6‘ Part of the Chemical Engineering Commons

Recommended Citation

Cohen, Albert Edward, "I. Certain azo dyes derived from 2-amino phenol-4-sulfonic acid; Il. A study of the
reduction rate of 2-nitro phenol-4-sulfonic acid" (1953). Theses. 2191.
https://digitalcommons.njit.edu/theses/2191

This Thesis is brought to you for free and open access by the Electronic Theses and Dissertations at Digital
Commons @ NJIT. It has been accepted for inclusion in Theses by an authorized administrator of Digital Commons
@ NJIT. For more information, please contact digitalcommons@njit.edu.


https://digitalcommons.njit.edu/
https://digitalcommons.njit.edu/theses
https://digitalcommons.njit.edu/etd
https://digitalcommons.njit.edu/theses?utm_source=digitalcommons.njit.edu%2Ftheses%2F2191&utm_medium=PDF&utm_campaign=PDFCoverPages
https://network.bepress.com/hgg/discipline/240?utm_source=digitalcommons.njit.edu%2Ftheses%2F2191&utm_medium=PDF&utm_campaign=PDFCoverPages
https://digitalcommons.njit.edu/theses/2191?utm_source=digitalcommons.njit.edu%2Ftheses%2F2191&utm_medium=PDF&utm_campaign=PDFCoverPages
mailto:digitalcommons@njit.edu

Copyright Warning & Restrictions

The copyright law of the United States (Title 17, United
States Code) governs the making of photocopies or other
reproductions of copyrighted material.

Under certain conditions specified in the law, libraries and
archives are authorized to furnish a photocopy or other
reproduction. One of these specified conditions is that the
photocopy or reproduction is not to be “used for any
purpose other than private study, scholarship, or research.”
If a, user makes a request for, or later uses, a photocopy or
reproduction for purposes in excess of “fair use” that user
may be liable for copyright infringement,

This institution reserves the right to refuse to accept a
copying order if, in its judgment, fulfillment of the order
would involve violation of copyright law.

Please Note: The author retains the copyright while the
New Jersey Institute of Technology reserves the right to
distribute this thesis or dissertation

Printing note: If you do not wish to print this page, then select
“Pages from: first page # to: last page #” on the print dialog screen



The Van Houten library has removed some of the
personal information and all signatures from the
approval page and biographical sketches of theses
and dissertations in order to protect the identity of
NJIT graduates and faculty.



I. CERTAIN AZ0 DYES DERIVED FROM
£ = AMINO PHINOL = 4 - SULFONIC ACID

II. A STUDY OF THE REDUCTION RiTE OF
2 = NITRO PHENOL « 4 = SULFONIC ACID

BY

ALBERT #. CCHEN

A THRSIS
SUBMITTED TO THE PACULTY OF
THE DEPARTHENT OF CHEKIC AL ENGINEKRING
oF
NKWARK COLLEGE OF ENG INEERING

IN PARTIAL FULFILLMENT OF THE
REQUIREMENTS FOR THE DEGREE

oF

MASTER OF SCIENGE
IN CHEMICAL ENGINEERIKG

NEWARK, NEW JHRSEY
1953



APPROVAL OF THESIS

FOR

DiPARTMIENTY OF CHEHKIC il WHGINEERING
NE®AREK COLLMGE OF BENGI NEERING

FACULTY COMMITTEE

APPROVED:

NEWARK, NEW JERSREY
JUNE, 1953



AC KNOTL.EDOMIENT S

Partieulsy sascknowledgment 1s made te Professor
Jemos A, Bradley for hils suggestions and guidasree in
the preparation of this thesls,

I wish, alse, to express my indebtedness to my
wife, Marion, for her valuable assistanee in the

preparation of this menuseripb,.



CONTENTS
Page
Aeknowledgments « « o« = = w = = w =« - - - - - oo I
TABlOB o w = = = = = @ = = = ® = = ® & = «w = =» = IV
Part 1: Precoppered Azo Dyestuffs for Cotton
INtroduction = « « = = & & = =« w w - = = = = ]
EXxporimontal « = = = = o « o« «w o 5 - oo o= w4

Coupling of Z2~Aminophencl =4~ Sulfonie
ecld tourea J 8Cld = = = = @ w « « - = 4

Coupling of 2«sminophenol =4« Sulfonie
acid to phenyl J 3Cid « & = w « = « « = 97

Coupling of ZeAminophenol ~4~ Sulfonie
gcid to m~aminobenzoyl J 2¢id = = = « =~ g

Process for the coppering of Dyestuffge~ 11
Procodures for Dyeing = = = = = = = =» = 13

Appralsal of substantivity and wash-
faﬁtne&ﬂ W e MR A W W dR G e W e b em 1‘4

Appraisal of light fegtness « = = « « = 15
Conelusion » o = w m = m = o = - - oo oo owowow 16
c 01{}3{“ C ard e W R sE W N ey M M Sk W wE e e G 18

Purt II: The Reductlon Rate of ZeNitrophenol wid=
Sulfoniec Acid with Sodium Sulfide

Introduction » « = = «w @ «w «w = e = = = = « « 19
Experimeﬁtalmnnq‘mmum-u-m-nu 21

Puriflcation of raw Z2«nitrophencl =4=
Eulf(}ni@ﬁcidn-nuuumunauuﬁ 23«

Analysis of purifled Z-~nltrophonol =-4=-
sulfonic gcld = =« = = « = =« « = =« « =« 22

II



Page

Sodlum sulfide reduction of 2= nltro-
phenol ~4- sulfonic acld = « » = = = w « 24

Datermination of the reaction rate cone

st&n’b W W er eM e e TR e R AW we Be SR e W M W 27

cOﬂGluﬁiOn D I T T O A 51

REfETronces = o w mw = = = = m o mw = = = = = = 33

ii1



Table
Table

Table

fable

Pable

TABLES

I « Coppersd Product Yields w = =« = = = w =

ITI - guantities of Dyestuff used for

III - Propertles of the
Dy&atuffg - e we e

BN B W N e W e e S

Synthesiged

W W N W B A e R e

IV - ¥ols of Amine Formed by Sodium Sulfide

Reduction of Z~nitrovhencl =4« sulfonic

acld &t various Time Intervals

Sarias I - 960 (, «
Series II - 639 ¢,

W R e AR W e me A e W

W W GR We e Nm AR A W W

V = Guleulations for Velocity Constants of
Sodium Sulfide Heductlion of Z-Hitro-

rhenol =4~ Sulfonie
Serlea I -~ 969 C, =
Series II « 639 ¢,

Acid

W W e A W R W e e W

- R e W e R S We e

Paga
12

13

15

26
26

29



PART Y
PYECODRL BD AZD IYRSTUIYS TOR COTTON



INTROINCTI ON

Considerable commercial interest In precoppersd
azo dyestuffs sultzble for dyelng cotton has been shown,
ag these products are, ln general, markedly superiocr to
uncoprered dyestuffs, with respecet to light and wash
fastness,

Some Information concerning the ferman work on
orgcoppered dyestuffs for cotton is avallable in the
Plat Reports, (1) The work indicated in this report
was stated to be with ortho, ortho'edimethoxywazo or
ortho=hydroxy, ortho'-methoxywazo containing dyestuffs
of the water soluble type. The reference cited above
refers also to another FPilat Report known as the
Robitsaschek Report, (2) for examples of precoppered
cotton dyes. 1t was found here that in addition to the
above types of azo dyes, an ortho, ortho'«dihydroy-azo=
containing dye was coppered. The example referred to is
the product of 2 - aminophenol ~ 4 - sulfonlec acid,
coupled to resorcin, which was subsequently coppered.
However, thls is not substantive to cotton, but it 1s

uged in & substantive dyestuff by recoupling it on one

1. Pist ¥Finsl Report Ho., 1313, German Dyestuffs and Dyestuffl
Intermedistes, 1 February 1948, Dept. of Commerces, Office
of Teechnical Services, PB 85172, Vol., III, Pu. 204

2. Flat Pinal Report No. 764, Dyestuff Menufacturing Processes
of I. G, Parbenindustrie, A& G, 18 April 1947, Dept. of
Commerce, Office of Technical Serviees, PB 74026, Pg., 2297,
PB 74025, Pg. 1690



arr. vl toebtrazo bonridine, while sallicylie acid is cougpled

e the oither arm of betrafo Densridins,

& seareh throusrk Chemical Abstracts indlezstes that
there are other cases where 2 - aminophenol = ¢ - sulionie
acld is disrotlized an? onnled to naphthol or phenol cerie
vatlives yieldinr cyes which can be nrscoppered. (5} S3ince
the ortho, orthot=dihyiroxy-azo conbinution has been
shown to have boen sucessiully metallized, it is of great
interest, since there are wany naphthol derivatives and
rhenel derivatives which, when coupled to 2 »~ aminophenol =
4 = gulfoniec acid, vield the ortho, orthol-dihydroxy=azo

tosbinatione

It was throught that J acid derlvatives would be worthe
while procducts for coupling %o 2 -~ aminophenol = 4 = sule
fonlc acid, since these derivatlives contain s combinailon of
hydroxy and sulfonic acid mroups which direct the coupling
to & posltion ortho te the hydroxy groupe IFurthermore,

J acid and its derivatives, coupled ortho to the hydroxy
group, uswally result in svbstantive cotinn dyes. (4) Sueh
azo dyes could reasona ly be expected to form coppered

dyes for ootton, gince they would have the ortho, orthole-

Be Chemiecal Abstracts, 1949, 44741, 589ch

4s iloser an? Vleser; Creunis Chenletry, let kdéltion, 1544
Ds Co Heath and Coupany, oston, ‘aguschusotts, Pre. 8865
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Adihyiroxy=arzo corblnubion and would algo have the gubstoanw
tivity bo cotton impa-ted Dy J acls derivatlves, Accordinnly,

copnered compounds of the follovlng couplinss were prepareds

1., 2 - aminophenol - 4 - sulfonic acid coupled to
ures J acld,

Q¢ 2 = aminophenol = 4 - sulionic acid coupled to
phenyl J acid,

Je £ = sminophenol = 4 « sulfonic acld coupled to
m=smino benzoyl J acid,



SRPLUBINVENT AL

Coupling of ZeAminophenol = 4 « Sulfonle Aeid to Urea J reid

0
OH 4 .
‘ E{{}SS' ¢Yf—c-§§ - Al ‘Sosﬁ ?ﬁ
{ Daz Hel — O
N
) 1 1 ‘
S0zH OH oM SO,H

Diagotigation of 2e~aminophenol - 4 - sulfonic seld,

L 500 oc, bosker was sel in an lee bath and fitted
with a thermometer and a mechanleal agltator. In
thisz the followlng were s lurried:

180 g water

16,4 g. 2 ~ aminophencl = 4 - sulfonie acid (20 g. 82%
material) and

18 g., hyvdrochloric coid 19.8°% Be,
A light tan slurry resulted, Iee was then added
to the ice batr, eooling the slurry to 12° C. at
which time

6 g« 80dium nitrite, diassolved in

20 g, water, were zdded dropwlse over & period of five
mimites, Ths temperature was held in the runge
12° - 159 G, by vortionewise addltion of

12 g. ice. The naterisl goes Ilnto solublon cs dlazo=
tizaution progressas snd lts eppearuncs ls dark

brown in the bscker snd yellow when spotbted on



8
fiiter papere. & faint but definite end point on
potassiummr lodide stureh puper wig nolntained

one=half hour, Tho finsdl volume was 130 ce.

Ures J meld solubtion. £ 1000 ec, bsaksr was

seb in an lee bath and fitted with 2 thermometer
and a mechanical agltator., In this the follow=
ing were slurrisd:

G0 g water

2%.8 g, urea J acid {85 grams of 28,0% materiazl based
on & molecular welght of the disedium szlt, 548),
This slurry wes heated to 55° ¢, To this were
zdded a total of

4,5 g. sodium hydroxide (50% solution) urntil the
reaetion, when spotted on Brilliant Yellow
Indicator Paper, was faint orange. A clsar solue
tion was noted at this polnt and

8 g. sodium carbonate were added, The solutlon was

eocled to 109 ¢, by addition of ice to the ice bsath,

Goupling. The diaze compound was added slowly to
the ures 4 acid solution. The color of the matow
rial in the beuzker become viclet almost irredie
ately. At first a spot of the reaction mixture,
when ypotted with neubrsl H acid solution, gz e
s negative test, Indiesting rapld consumptlon of

the diazo compound, In approximately one-half
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hour the addition of dlazo compound was complote
and 1t was roted thet & spot of the mixture, when
spotted with neutrsl I seid solution, ruve o
positive test. Iowever, laeass than a minute luter
this test weas negsabive, iIndicating thot =211 of
the diszo solublon had rescted. 4t thls point the
temperature was 14° C. and the solubtion was very
viscous, An addltlonsal

200 g. water were addsd over s period of one hour with
no appareéent deeresse of viscesity. The coupled
materlal was sllowed to stlr without temneraturs
control for twenty hours at which time there was
no apparesnt change, The pH of the coupled material
was approximately 8, The wolume was €00 cc. It
was noted by spotting on filter paper that some

of the materisl waz still in solution,

Isolatlon, The resetion product was hested to

50° ¢. &t which point the viscosity sppeared
greatly reduced whils the solubility had inecreassed
markedly, To this & total of

200 g« sodium ohlorlde was added, &b thls point 1t
was noted that the amount of precipltsated dyestuff
had inereased, but that considersble dyoestuffl was
85111 1In solution. To this mixture

S . hrdrochloric acid 19.5% Be. were udded. It wes

noted that almost nll of the dyestuff was proe



clipltuted., The color of bthe micture had iuroed
Prom violet Lo red o 1bs pH wus eporozinctely
HeBs This mterinl waa then flltered in o 17,5
¢, Meehnor funnel. Tho filtruatlion wes aslou.

The coke welsht wis 331 groms,. The eakeo wosg driod
ot 900 Q, for L0 hours, Its dry welphit was 130,68
granse.  I% wes then pulverised in oreapsr.hion

for matallization.

Coupling of Zeininophenol « 4 = sulfonle ieid bo Phenvl J 2edd

%-
5£

Dlazotized 2 -~ aminophesnol ~ 4 - sulfonie seld,

Por this soupling, the 2 - cminophenol « ¢ =
sulfonie seid wes diasrotizad in the scmg monner

as for the coupling of urea J seid {puso 4).

Phanvl J sold solublion. & 1000 co. bezker wes seb

in zn %00 buth and f$tted with & thermometer ung
wommoheniend o ltubor, I $hids & o Yol:rawlne
narg glurelad;

10 e walber .ond

H.d me phenwi J cold  (Gled ~roms O0F mubarisl, rolesulsnr

walcert CLhle U0 mla ooerm o wid
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I
!

507 sodinm hydroxide. =t thie point the reuschlon
on Driliiunt Yellow Iniicator Paper was fi.int
oruange and the mateorisl wes comnletely diszsol ed.
To this solution

sodium carbonste were added. The solubtion was
cooled to 10° ¢, by the aoddition of ioce to the
ice bath.

Coupling., The diazo solutlion was added slowly to

the phenyl J seid solution, The color of the materisl
becsme violet slmost lrmedlately., Spobtning with
nentrul B seld solution Indiecuted that the diazo
compound was consumed almost lmwediztely. In
approximstely one~half hour all of the diazo come
pound had bean sdded and 1t wazs notad that the
material wes very viscous., The pH was approximately
8 and the temperature wag 149 §. Spotting with
neutrsl H scid solubtion geve s negative test,
indicuoting complete couplling of the diamzo compound.
The wvoluwe was approximately 475 cc. and the matarial
was only puartly precipitated. £fter stirring twentye-
two hours there sppesred to be no significant change

in the eoupled product.

Inolstion. 7The materisl was then hsated to 80°% ¢,

& marked incresse 1in the sgolublllity was noted by

apotiting on fillter psper. £ totul of



a

130 re sodluwr ehloride was sdded which reduced the
80 lublilibty conslderably. Then s botzl of

10 g« hvdrochloric acld vere ndded. The materisl
changed color from violet bto red., The pH droppad
0 2. The solubility was reduced markedly aso thut
only & fulnt tinge of soluble color was noted when
spotted on fllter pasper. This mabterisl was then
filtered in g 17.5 ec. Buschner funnel. This il
treation wes rapid, The cske welght wog 174.5 grams,
This cake wes dried at 90° ¢, for twentyw-twe hours,
Its dry welght was 115,82 grams, It was then pulve-
rized in e mortar in prepsration for metallizetion.

Coupling of 2 « Aminophenol « 4 - Sulfonic Acld to Mets
Aminobenzovl & Acid

O H

e R
< >—“-—f*(j:-maﬂ $05F
Mowsmnr . ! -
} - %‘; t ﬁ - N
! 3 :::J

o8 ot

Diazotized 2 ~ sminophenol -~ 4 -~ sulfonic scid.

Por thils coupling, the B«aminorhonol - 4 - gsuifonle
aeld wes dlezotizod in the mzme manner ws for the

counling of urea J weld {pege 4).

weba wininobenzoyl J scld solution, A& 1000 ce, besker

wvas seb in wn leco pat and fltted with o therwmomeber
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srd & mechanlesl ugltotor, In this the
folilowineg werse slurrled:

150 g. water and

$4.8 Ze m aminobenzoyl J acid (90 grums 38,07 materisl,
molecular welsht 388). To this wore sdded o botel
of

9 z. BO% sodiuw hvdroxide at whieh point the resction
on Brilliunt Yellow Indlertor Puner way fuintly
orangas, Lo this were usdded

8 z, sods ssh, The mixture was eocoled to 10° ¢, by

edding ice to the 1ce bath.

Coupling, The diazo solution was added slowly to
the m aminobenzoyl J acid solution., The mixturs
turns violet almost lmmedlately. Spotting with
neubrszl H acid solution indieated that the dlazo
compound wes consumed almost 1:medlstely. The
mixture became very viscous as the coupling prow
go2ded snd 1ln one~half hour, when sll of the diaze
solution had besn added, the mixture was extremely
viscous. Spotting with rsutral H acid indlcsted
that the diazo compound was btotally rescted. The
pH of the product waes 8 while the tempersturs was
15° ¢, To this was addad & botal of

200 g. water which resulted in & slightly less viscous
produet, This was stirred btwenty~two hours at

which tirmo no significant change was noted, The
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volume at thils tise wos wpmroxicetaly 800 ec.

Izolution, The reuctlion product wue hected Lo

60Y ¢,, resulting in a wore soluble wnd less
viscous mixture. To this were addsa

150 g. sodium ehlorid: which prseipitated & portion
of the dyestuff, To thils were added

5 ge murilutic scld 19,59 Be, The color of the mixture
became red end wis well mrecipltated, The naterisl
wuas highly viscous. This was filtered In a 17.5 co.
Buechner funnel., The filtrastion was slow yvielding
a wet cake of 440 grams, The cake wos drisd at
90 ¢, for thirty~eight hours, It was then pulvee
rized in preperation of metsllization. The dry
materinl welghed 143.0 grams.

Proceas for the Coppering of the Dyestuffs

From gach of the coupled products two grams were

roserved for dye tests.

In & one liter Hrlenmeyser flask
05.4 g. coppoer sulfate pentehydrate were slurrisd with
500 g, water and
90 g. am-onls solution 26° Be,
The copper sulfute wes dissolved by repld
agltztion., The resuliting solubion contazins the
tatran onds cupriec ilon., This solution 1z desop

blue.,
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It wus dividod into thre: parts. The drisd powders
frow the eouplings were then stirred thorourhly inte the
tetrameuonia cupriec lon solution to forwm viscous pustos.
Thsse were trunsferred to dinllow plstes snd were drisd
ot 95 - 100° ¢. for twenty-six hours, The resulbing
product wag then pulvorized in preparstlor for the dye

tests. The yiclds are shown in Table 1.

TABLE X
COPPURED PHOIUCT YIELDS

Products Yialds

Coppered product of the
urea J acid coupling 142.2 g

Coppered product of the
phanyl J scid coupling 137.7 &

Coppered produst of the
m sminobenzoyl J aseld coupling 162,7 £

it should be noted that the coupled dilazo dyestuffs
were isolated by salt sddition, and thus the products
contain inorganic salts vhioh were gorrvied over to the
coppered products, 7Thus the relative wesights do not
asgcurately messure the yields but should roughly contain
the same totsl number of mols of 2 - aminophenol = 4 =
sulfonic secid coupled to tho respective J acid dorivatives,
This fuctor was tilren into consideration when the products

were dyved.
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Procedures for Dyalng

One gram portions of the synthesized dyestufi's, both
copparad and uncopovered were dilssolved in hot water and
aazch wos brought to o total volume of 1000 cc. in a volu-

metrie flask,

For each dyeing the number of cubic centimeters tuken
for dveing from the resvective 1000 cc., volumetrie flask,
s shown in Table II, 1s eqel to twiee the number of grams
of yleld in each cuse, Thus each dye beuker ceontained
approximately the same number of moles of coupled 2 =

aminophenol - 4 = sulfonle acid,.

TABLE IX
QUANTITIES OF INESTUPEF USED FOR DY JING

J Acld Derivative CC. of Uncoppsred G of Coppored
bye Dye

Uren J Acld 247 284,.4

Phenyl J Aaid 230.4 2ME.4

Meta Aminobenzoyl J Acid 286 528.4

The dye beskers used were of the conventional 600 cc.
typa. The totsl volume in each besker was brought to
300 ec. The bouskers were then plscsed in s water bath
eontelning bolling water and the temperabure inside the
beakers rose to 93% ¢, Two tenwgram cotbton skeins were

inserted in each bezsker and weres turned constantly. In
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twenty mimutes, 10 ¢c. of & 15% Glauber Sult solution
was added to esch besker smd agsin twenbty minutes later,
After an additional twenty mimites the skeins were then
removed from the dye beskers, rinsed in cold water and

dried at room tempersture.

Appralsal of Substantivity and Wash~Fagitness

The individual beakers were examined for the amount
of eolor not exhausted by the skeins st the complstion
of dyeing. A poor exhaust is indileative of poor sube
stantivity, ¥Ho oomparisons were mde as 1t wes 4difficulsd
to guage the intenslty of the remeining solutions because
of color dlfferenses., However, they ull appesared poor

in thls test ss shown in Pable II1I.

One skein from each dye bath was immersed in water
at 65%° ¢, in individual beakers, maintained at 55° C. by
immersion in & water bath, These skeins were turned for
ton minubes at which time they were removed, An indies-
tlon of the wash fastnees ile the amount of color bled from
the skelns, The compsrisons shown in the following table
are between ¢oppered and unvoppered dye for the respective
J seld derivative, It can be seen in Table III that each
¢coppered dye appearsd to have better wash fastness then
its reapeotive uncoppered dys .,
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TABLE IX1
PROPERTIES OF THE SYNRTHESIZED DYESTUFFS

Product Calor Exhaust Wash
Urea J Acld couplling searlet poor poor
Urea J Aold coupling coppered pink poor poor
Phenyl J Aeld coupling pink poor poor
FPhenyl J Aeld ocoupling coppered bl uow

violet poor falp
Meta Aminobenszoyl J Acid coupling searlet poor poor
Metea Aminobensoyl J Acid coupling
coppered Pink poor fair

Appraisal of Light Fastness

Prom examination of the intenslity of the colors on
the cotton, 1t appesrs that the urez J scld eouplings,
roth ocoppered and uncoppered, while not good, are never-
theless supsrior o the corresponding phenyl J agid coupling
products and to the corresponding m sminobenzoyl J =eid
coupling producets. The ures J aold coupling products were
selected, therefore, for light fastness tests In the
Padeometer, {(5) The results of this test indloaste that

B, Teshnigal Menual snd Year Book of the American Associaw
tion of Textile Chemints a2vd Colorists, Vol. XXVIII, 19852,
Howes Publishing Gowpany, Inc., New York, New York

Pge 100 « 103,
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the coppered dyestuff showed slight fading after fifty-
8ix hours in the Fadeometsr while the uneoppered dyestuff

showed strong feding after twelve hours in the Fadeometer,

CORCLUS IoH

The results of the experimental work show that the
thres azp dyes synithesized by coupling dlazotized 2 «~ aminow
phenol « 4 « sulfonie acld to urea J acld, phenyl J aecld,
and m smincbenzoyl J acld undergo radical changes when
reacted with tetrammonia euprie lon solution,

The shades of the cgoppered dyestuffs on cotton were
bluer than the shades of the reszpsciive uneoppered products,
It was found that the wash fastness of esch of the coppersd
dyestuffs was slightly better than the wash fastness of
the corresponding uncoppered dyestuflf,

A very substantisl improvement was noted in the light
fastneass properties, The coppersd urea J acld derivative
appesared o be four and one~half times as reslstant to fading
in 1light as the unvoppered urea J acld derivative,

In all cases the substantlivity %o cotiton was not jJjudged
to be satiasfsotory, HNone of the products exhsusted well
and desp shados were not readily obtzinsble, However, the
ursa J acld derivative was markedly more substartive to
cotton than the dsrivatives of phenyl J scid and

m aminobenzoyl J acld,
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Prom compsrison with work done by the German Dye
induastry, (6) 1t 1s believed that the metallized products

are salts of copper having the foliowing configuretions:

Coppsred urea J acld product,

O H
ry v
L

HO4S NG ﬁ_i{/ 1 < = S0H
HOxS_ ... } 0.H
7 N w=w— A = N=n_ 8
£ — r@—- K R L \?/ ]
N/

o—au-—é 0 —Cu — &

Goppered Phenyl J acld product.

ﬁ- Sesﬁ
O (0
—— N —-N

Q — QU —

Coppered m Aminobengoyl J acid produet,

s (1) P. 205






PART I1II

THE REDUCTION RATE OF 2 - NITROPHENOL
4 - SULFORIC a0ID WITE SODIUM SULFIDE
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INTHODUCTION

The production of 2 « sminophenol = 4 = sulfonic
acid 1s of considersble interest to the dyestufl indusiry,.
References in Chemlcal Abstrescts Indlcate that 14 finds

much use as an intermedlate In dyestufl synthesis, (1)

This investigation 1s concerned mainly with the
reductlon rate of 2 « nitrophenol « 4 - sulfonic sacid,
This type of reaction finds wide sppllcstion, since the
preparation of prinmury smines Ly the sodium sulfide re=
duction of corresponding sromatic nitro compounds is an

important method of leboratory and commerclsl synthesis, (2)

Bullock and Porbes (3) have studled the formation of
godium thlosulfute resulting as a product of the sodlum
sulfide reduction of arometia nitro compounds, #hile the
particular compound belng imvestigated wus not treated
in the ubove cited reference, the refersnce was found
valusble since some of the procedure ussd to investigante

the reduotlion rate of 2 « nitrophencl - 4 -~ sulfonic acld

l. Chemical Abstracts - see References page 33,

2+ Groggins, Unit Processes Iin Organle Chemistry, 3rd
Pg. 94, 95, 11z,

3¢ Bullock and Forbes, The Formation of Sodium Thiosulfate
from the Oxidation of Sodlum Sulfides by MHeans of an
fromatie Nitro Compound, Journal Amerlican Chemilcel
-Soclety, 655 1955, p. 232
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is ocdapbod from the progedure of Bullock snd Forbes.

The general equution for the recetlion is pglven by
4 RO, * ¢ Hags + 7 HyO emewd 4 1 Hy 4 3 Hug8,04 4+ 6 HeOH

The sbove emquation is an oversll esquation for the
reanstion, and 1% is probuble thut the finsl products npre
s rasult of conscoutive resctions., llock and FPorbesg
found thet conslgtent vilues for recction voloeiby cone
stanbs oould be obtalned by applying the bisoleceular
forpmla for differant comeentrutions of the oxidiging
wgent snd the tobsl sulfide lon. (4) This indloutes the

rata determining resction 1a one of second orday,

The overall equsation For the resction being studled
heye la given hy:

NOp gy
PO _“ _oH

4 < > + 6 Hogs + 7 Hg0 wmemd 4 ¢ N + 8 Fegs 0.+ 6 NeoH
525'33*’59; ‘ mﬁ%ﬁa

Ge 3 pJ3b
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BX Po RIMi NT AL

Purlficat ion of Raw 2 » Niirophenol =~ 4 ~ Sulfonic Acid

Raw, unpurified £ « nitrophenol = 4 ~ sulfonic
neld was supplied to the author by the thesis
sponsor, It appeared to contsin considorsable
moisture and it was believed that there were
inorgeniec salts present., The followlng 1s the
laboratory procedure used in obtaining & pro-
duct of higher mrity.
In a four liter beaker the followlng were sdded:
650 g. raw 2 = nitrophenol « 4 « sulfonic secid and
3000 g. water. The materlisl was stirred by means of
g mechsnlical agltator and brought to a boill. At
this point the temperature was 101,59 €, and the
pH wss approximately 3.5. A slight amount of
undissolved material remsined und an additlion of
200 g, water was necessary to affect complete goluw
tion. The final volume was approximetely 3500 co.
The temparsture of this sclution was brought to
50 ¢, by inserting the beaker in & bath contsining
an ice ard salt mixture., At 5% C., the material
was well precipiltated and the mixture was flltered
in & 17.5 Buechner funnel. The ozke was dried at
80° C. for 30 hours and gave & product consisting

of pele yellow lumps which were pulverized easily
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with mortser and pestle, Thie materisl was

mized wall and stored in ¢ waxwsealed glass Jure

Analyels of Purified 2 « Witrophenol ~ 4 - Sulfonle ieid
5o, g
- 0" \ - il
S‘O + 6 HG1 +3?Sﬁw;§5q + 3 2nCl,+ 2 K0
The content of 2 -~ nitrophenol -« 4 - sulfonie
- agid in the produet purified sbove wos found
by redusing the nitro group with zine znd
hydroohloric secid {B) smd then titratlng the
ﬁm'xt.{aa amine with s stsrdardised sodium
nisrite aolution. (8) The following Lz the prow
sedure usedi
To 2 1000 vs. bsaker equipped with mecheaniecal
sgitetion and w&h & thermowmeter, the following
wers added; |
" 10,95 go purified 2 - nitrohencl = 4 - sulfonie seld
’ and
2860 g. water, The mixture was stirred & short while
and gave & ysllow solution to which was added

Es B pe 77

8y FloargeDavid end Blengey, Mundamental Procossos of
Dye Chemistry, 6.bh ddition, 1948, Intersclense Publishers,
Inoe, Hew York, H, Y. P. 385, 388,
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G0 g hydrochloric acid 19.5° Be. and

14,73 ge zine dust (50% excess over theory). The
tempersture of this reaction was maintalned at
15° ¢, by the addition of ice, The solution
lightened in color as soon as the zine was
added. ‘hen the solutlon becasme wabter white,
the reaction was ullowed to continue twenty
mimites longer during which time sn evoiution
of gas from the surface of the zine was noted,
This product was flltered through a Buechner
funnel to separate the remeining zine particles.
Analysls by titration with .92 Normel sodium
nitrite was begun at once, {6) A totsal of
44.7 cc, 92 Normal sodium nitrite were needed
in this titration. Basing the galeulations on
the molesulsr weight of the anhydrous sodium
salt, it was found that the material contained
90.5% sodium salt of 2 =~ nitrophenol = 4 =

aulfonie secld,

44,7 241,11
= X .92 x m xf 100 = g615%
The same procedure was repeated except that the
reduction step was carried at 85° C. The same

percentage purity was obtalned bv thls procedure,
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Sodiam Sulfide Redustion of 2 -~ Hitrophenol = 4 « sSulfonia

T

5{)2 EM et
~ &%)
- +6 Nag § +7 Hyo =eemd 4 > + 3 Hogi,, Oy + 6 Hach
LA O

g&awﬁ‘
¥
Two experimenteal runs were mede, The flrst, Seriles I,

wes ourried out at 95° ¢, while the second, Ssries II, was

curried ot at 630 ¢,

The followlng 1le the procedure usedi

Stoek solutions fOr esch run were made and are listed
below,

1. 500 o, total volume of eolution at $86% C, cone
taining

{a} 05 mol sodium #slt of £ « nitrophencl = ¢ »
sulfonie sold {13,355 g. of 90.54 muterial)

{b) «1 mol sodtum hydroxide (4 grems C.P, materisgl)
2« BOD go. Sotal volume of solution st 98° 0. cone
taining 08 sodium sulfide pentshydrete (13,55 grame of
CoP. muteriall), ‘
3« BOOD vo, total wolume of susmnsion at room
tome rasure sontalning .08 mol cadmium garbonate (13.80
grams of C.P, material),

In performing the experiwent, 500 oo, Erlenmeyer flasks,
gach containing BO oo, of solution 1 and BO oo, of molution &
ware Lmersed in & bolllng wuter buth, The temperature of
the reduntion wea 96° C. After verious tims intervels,
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50 ec, of suspension 3 were added to precipltate the re-
maining sulfide ion as cadwmium sulfide, thus preventing
further reduction. The resulting mixbture was then coolad
in an ice bath at 5Y ¢, and filtered, thus removing the
precipltauted gudmium sulfide., The filtrate was then
treated with 4,5 e¢, of the hyvdrochloriec aecid, 19.5° Bs,
and bolled to expsl any hydrogen sulfide or sulfur dloxlde,
the latter being formed on the decomposition of acidified
sodium and cadmium thiosulfates. The resulting solution
was cooled with lee to 16° C. and titrated with standurdized
«40 Normal sodium nitrite to determine the quentity of

2 « aminophenol -~ 4 « sulfonie ascid present.

Serles II was performed slullarly to Series I, except
thut solution 1 snd solution 2 were prehested to 63% ¢,
and the Erlemmeyer flasks in which the reactions took place
weres pleced in an electric oven in which the temm reture
was maintained «t 630 C, The results of the titration to
dotermine the amount of amlne formed in the reduction are

given in Table IV,
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MOIB OF AMINL FORMUD BY SODIUE SULFIDH REIUCTION
OF 2 = NITHOPHENOL = 4 = SULFONIC ACID
AT VaARIOUS TIME INTERVALS

Series I - 989 G,
Run Ko, Resetion Time CC., Nitrite

{Mimutes) (.46 HNormsal)

1 4 0.7

2 10 1.4

3 20 3.4

4 40 640

5 &0 7el

6 100 B

7 140 10.0

8 180 10.7

9 210 10.8
Series II - 83° C,

1 15 2

2 80 o7

3 836 1.3

4 135456 1.5

133 23556 26

6 2980 2.9

7 3718 2.9

Holes Amine
formed

0.,000382
0.00064
0.0016
0.0028
0.0032
0.,0044
0.0046
0.0049
0,0050

0.000092
0.00032
0.00060
0.00069
0.0012
0.0013
0.0013

The resction in Series Il appeared to coms to a halt

befors all the nitro compound was reduced to amine, In

addition, it was noted that in run Ho. 7, the cadmium

chloride did not mreclipitate any yellowlish cuadmium sulfide,

indicating consumption of the sulflde ilon,

It is suggested

that possibly some of the salfide underwent oxlduation In

contust with the asir.
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Determinatlion of the Reschtlion Rate Constant

Using the work of Bulloek and Forbes (4) as a basis,
the reaction rate constant was determined, assuming that
the rate determining reaction was one of second order.
The following is the derivation of the formuls used in

caloulating the second order resction rate constant,

dx o k (a8 =~ x) (b~x); kdt = (a2 - x) (b -~ x) ax
where

a = initial concentration of 8 = nitrophernol = 4 «
gsulfoniec acld

b » initial concentration of sodium sulfide
x = goneentrution of amine formed

let 1 - A n B
(a =x) (b =-x) g = %X b =X

Ab =Ax +aB - Bx = 1

A+B=0 ; A% «B
Ab - gA % 1 ; A ; B= 1

- X bax]

[ X

¥t 5 1 [ci(awx)+d(b~x)]
5= CRED) b =%)

O

kdat = 1
b - a

kt
In (b » x) « Inb » In {(a - x) + 3.na]

k = 24303 ﬁbwi_i‘}
6= a)E 198 b%&-x



Substltuting values:
a8 = 0,05 mol/liter
b= 0,08 mol/liter
x ® caloulated quantity of smine formed in
mol/liter
k = 243 1 «0b (.08 - JC)
.08 = .0B6)¢ O8 08 (0B = x)

k- T6.77 1 1l - 12,5x%
% 08 TS 20x

The csloulsted results of the experlrmental work ure

ghown In Tsble V.
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TABLE V
CAICULATIORS FOR VELOCITY CONSTANTS OF

cODIUW SULMID. REDUSTION OF
2 « WITROPHUNOL = 4 = SULFOMIC 2CGID

SKRIBS I - 95° ¢,

t (min,) x {mol/liter) k (liter mol =l min, =1)
4 0.0032 19.2 log 1l=0.040 . 0.210
2“50663
10 . 0.0064 7.68 log 1=-0,080 . 0.184
20 0.016 3.84 10g 1=0.20 - 0,269
40 0.028 1,92 log 1=0,38 . 0.326
-
80 0.032 1.28 log 1-0,40 _ 0.284
100 0,044 0.768 log 1=0,66 _ 0.440x
Ml € 24
140 0046 0.547 log 1=-0.875 - 0.398x
had V. 3
180 0.049 O+ 425 10g 1-0,612 - 0,543x%
I“5¢§§
210 0.0850 0.365 log 1=0,625

~-ie

x = values not accepted

Average of accepbed values = 0,255



TiBLE V

BERI=S II - 639 ¢,

t (min.) x (mol/liter) k (liter mol ~! min, ~1)
15 0.00092 .11 log 10401156 - 0.018
80 0.0032 0.960 log 1«0.040 , 00,0115
835 0.0060 0.092 10g 1=0,0756 = 0.002
13456 0.0089 0.0870 log 1=~0.0863 . 0.0016
2558 0.012 0.0326 log 1=0,180 = 0.0016
-l
2750 0,013 0.0279 log 1-0,163 . 0.0018
1=0.260 =~
3716 - - - -

No average tsken becesuse of wide deviatioms,
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CONCLUS ION

A procedure adspted from the work of Bullock and
Forbes (3) was used to determine the reaction velocity
constants for the redustion of 2 « nitrovhenol - 4 =

sulfonic scid bv sodium sulfide.,

Two series of reductions were made., Series I was
performed at a temperature of 95° G, while Series II was
performed at 63° ¢, Following the work of Bullock and
Forbes, (4), the overall resction rate was assumed to be
governed by a rate-~determining resction of the second
order for varlous congentrations of the oxidizing and

reducing agents,

Baging the caleulations on the above assumption,
falrly consistent values for the reaction veloslty constant
were obtained for Serles I. The average of the consistent

values taken was found to be 0,255 liter mol -4 wine "1,

Series II, howvever, showed wlde devistioms in the
calculated values for the resction veloclity constant,
Furthermore, the wvalues for the reactlion velocity constunt
drop sharply. It was observed that the gquantity of sule
fide lon appeared to diminish wmore rupidly than the for=
mation of amine would indicate, Since the reduction of

the nltro group was found to proceed very slowly abt 630 G.,
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it was necessary Lo Incresse the time intervasl for each
individusl reduotion. It 1s suggested, that bscsuse of
this additional exposure, appreclable quantities of sule
fide ion were lost by alr oxldstlon, This would sccount
for the sugmented consumption of sulfide ion snd the
sizesble drop in the values of the resction veloclity

consbantbs aa the resction time was increassd,
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