A 9V Elual pary Ao Ay gl g AuibiaS duad o
Zdll g aladal) arial 8 addius

AR o s o 05

polal) (& piiualall da 3 Joil adia iy
dg e sl —pliass

i) Ak ) 3 gana (il 3,) /il )
iy ganll sLiaSI) 3L

Gldall o slal) Al
Saadiae dllal) daals
A3 gl Ay ) ASlaall -Baa

2010-1431



Photochemical studies scoped on
some Azo dyes runs through food
and textile chain

Nourah Ali Saleh Al-Zahrani

A thesis submitted in partial fulfilment of the
requirement for the degree of Master in science
[Chemistry / Organic chemistry]

Supervised by/ Dr .Eiman Elgendy

Girls' College of Education
King AbdulAziz University
Jeddah-Saudi Arabia

1431 H -2010 G



s 335.43\ o J.@.ﬁ

g siasall

S ol Sl
E_"_"_"""m_"""""" QQJM\M@E

IS Al

cilalad al) Aaild |
e iy daild |

el Jedi Jeaidt

do dddt- 11

I
I
I
o 1
I
I

aladall Adlaal) 3 gall -1-1-1

5"""""_"m""""_"" elahﬁiéhbd!:\ﬂ\&\gli-z-l-lé
0\335”&1-.1“&-3-1-1?
QUM\3M3-4-1-1§

plakall cligle -2-4-1-1




—
o
o
o
.

S
S
o
S
e
o
e
o
S
S
o
S

Tl gl -1-2-4-1-1

delial) ciliglall 2-2-4-1-1 |

ABlad) & sad) Gl jatiand 2-1 |

33V glual -1-2-1

c—‘w“ae‘-'-hﬂuww Cliza -1-1-2-1

1
I
I
I
I
I
I
I
J
I
i

Amaranth daua -1-1-1-2_1 .

pladall Gl g3 cliua 2121

Tartrazine dwa -1 -2-1-2-1. |

Allura Red 4&ua -2 -2-1-2-1|

Gl el 5 Clisa -3-1-2-1

Congo red 4aua -1 -3-1-2-1'

I
I
I
I
1
I
I
I
J
I
i
I
I

Sudan Black B 4iua -2 3-1-2-1 :

Jﬂ" LS o gudanil dalad) 48y Jal) 2-2- 1

uMIaquu@ﬂu.b&MuﬂIdAIﬂI -1-2-2-1

9O Glasa (g juaal ce Alilad) Sl yal) -4-2-1

3JYI&L\4AI&.\IJ.IAA3M-32 1

I
1
I
I
I
1
I
I
I
J
I
I
I
I

3 floal jpusks 3 b 1521 |

L sbal) Apdlaal) -1-5-2-1

O93sY) alading -2-5-2-1

I ppasill -3-5-2-1

Ayl o5l Jelds 4-5-2-1

1
I
I
I
1
I
I
I
J
I
I
I
I




S
.
o
S
o
S
o

48
49

o
e
S
o
S
S
o
S

'I_"_"_"_"_"_"_"_"_"_"_"_"_"_"_"_"_"_"_"_"_"_"_"_"_"_"_"_"
e e e e e e e e e e e e e e e e e e e
S

) JA\ sy 3 38l Ay gudal) dallacall aladiady ey sl Al el al) -6-2-1-7-5-2-1

£,
3
(o
®.
E,
3
E
on
on
0

M\uyﬂ\djﬂ\e\mh s Jaladl) _6-5-2- 1

iy guaal) dallaal) -7-5-2-1 |

: 5 daa LSl e A g Aallaa -1-7-5_2_1

: S5 alaa) 3 Jal galls B 3iaa dutiaiS] 8 Ay guda dallea -1 -1-7-5-2_1

Sl alaal 3 Jal gadly B 3 Aptias] 8 Ay g Aallaa -2-1-7-5-2-1

NanotechnologyJM\ 48 -1-2-1-7-5-2-1-

Lo gilil) 485 2-2-1-7-5-2- 1

L) A8 iy 25 -3-2-1-7-5-2- 1
S Slass 4-2-1-7-5-2- 1

S Claswad 3 jaal) ailadll -5-2-1-7-5-2-1 |

|
|
|
|
i
i
i
i
e e e e i
i
i
i
i
|
|
|
|

Sl alaa) e

M\ﬁwum-ZJ-S-Z-IE
et s U b e psiaal 1275211 }
- (bJUaJ\ ;S;Ua-“ ) 4 gudal) culialuall -2-2-7-5-2-1
 (0) s e e M5 327521
(0 oY) o) el 1 427521
é_ - _(I_E_n_e_l'\;(-;;ctlons) Y edelds -1-4-2-7-5-2-1 é
o ekl il B 11427521
 ("Ene” mechanism) oM S 2.1-4-2.7-52.1 @
 (Radical Intermediates) ) G2 31427521




e
o
e
o
-
-
100
100
102
103
105
107
107
108

116

oY) b gl -4-1-4-2-7-5-2-1
(Dioxetan Intermedlates) Ol gal) Jaus g -5-1-4-2-7-5—2-1
! ( Peroxiran Intermedlates) uIJ-“-“SJJ-‘-‘II by -6-1-4-2-7-5-2-1 |

i (1,2-dioxetane) gy 4dLay) cdelis -3-4-2-7-5-2-1 |

1
I
I
I
I
i I
I
I
J
I
I
I
I

dsiaus) o gual) cdleWil) Jo auyja) Al alad jal) -5-2-7-5-2-1 |

53Y) Elual B jlall c il -6-2-1

Mw@%
L Chetant vl il g

Lasiiual) duluasSl) o gal) -1- 2

Amaranth dapa padaiu -2-1-3- 2
2] A aladialy 8 jiaal) 4y gual) 5o Lt Lalad) 48 jhal) 2-3-2 :
Sy 5l plaaly 255l
e s aladialy 5 il 4y pudal) Sl Ll dalal) 45, jhl) -3-3-2

uMIahMu-IQG_HJAIu.\SIMJAAJJﬁJJJSJMYI Sl Al -4-3- 2

st By e Tl i g 5 g S (el (gl dl 3 532
DNA !

LM\S;\P%IQ-Z:
M\uJMIgz
uéJ—uu*J\-l-32I
i g 91 padlaiu 11-32I




120
120
120
121
130
131
133
133
133
133
140
140
145
145
145
145
150
157
157

157

(wwg ahﬂi aadlad! Jeaid

c_w\.d\J el.:.hﬂ Al ‘f\l\ Qlrall —1- 3

;L.d\ @ 9333 ‘_f"\l\ Glevall -1-1-3 :

 Amaranth (11) diwa -1-1-1-3 |

~ deliall Amaranth (11) diual 8 jiaal) 4 pal) Bausy) Y gi-

 Agphl) Amaranth (11) dsal 3 jaal) 4 gal) 5ausy) ;G-

- deliall Amaranth (11) dual Lo ¢ sl Bausy) (GG

raladall Cilidas o) cliua -2 -3 i

el b i 3 cliseall —1-2-3

~ Tartrazine (1) diwa —1—1—2—3§

~ Tartrazine (1) 4l 8 jiaal) &y gual) BausY)-

~ Alura Red (14 ) 4pa -2-1-2-3

" Alura Red (14) Gaal s iaal 4 sl 23841

gl il ) cliual) -3-3 |

slall U'é XY A alauall -1-3-3 E

Congo Red (15) 4wa -1-1-3-3 |
" Congo Red (15) 4kwal 3 jaaall 4 gl s20s¥) 1Y 5f

Congo Red (15) diwal Liisams ¢ guall 5ausY) ;L5

slall A& iy Al cliuall -2-3-3

Sudan black (16) %sa -1-2-3-3

Sudan black (16) il i) ¢ gal) 3ausY) -




dualiiuall g

35 fa 58 g Aoy st ) 4-3

cla gl -6-3

I
1

4 guaall il pall ddidal) Jullatl) 273

paiskl

1

Jasdl




Aladl ol gall aladin) b au il ddee Sl cp pdall (A e (SEN Caail) 4l aa
gratl) Clapa XS @l slall L gaad 430 DU

Ll sal) s e palal e st W Lgia TS alad Al algiy Lt il Tl g
e 5 4 geall Gl ylacaYl g g laall s sl cle Y s daulually e jiall JulY!
gl a8 ¢ Clraall 238 o (ary oo sall il muiasi s dul jall s2a Cagat) Gl
paiiall lgiad dlgaS i 4 Gl lealadin) Gk 4 daliie Clrua (eed dul
Jae (A Lpany poiid LS cla e 5 AV delia L deddiie 5 a5 Al clilads
e gaan (o JEI 5l de gena o (5 siad Glauall o380 IS5 (adisll) Aall e i Al
559

Of cleldll sda o il s Clanall odgd LSl ¢ gy A COelE ol ja) alg
Jriys o Jusdl) an J212 B3 gn ga il 3l g) 5oall 388N pe Jelim Guedl) iyl
s A lgabine Jiad o5 S o A0 5 L) Caany 438 ¢ guall g 5 pall (3 A0 oda
elal o Cua b glad Aua gly il il Ll LS Hall oda pians O aa s dledle il A
1 Te2e L) Tl Canm 58 DNA (555801 Jay sl e La L) 55 LS jall 03 (g iy
At yull (gl Y1 Gagany Clapall o2 A8 miagy Lo iy Glall e 5l 4l
Casrs danall e Al el Jae cllincall jlaall il sae cady Lee daiall ol jilall
. bl 03a aladiul (e 2all

et ey Lanb Guadll Clinall e ddaa gadais) dolee Laagf 40 ol el i LS
O i) Al Lraall G duljall G o s Amaranrth daea 4 5 eliall Lilia
) 83 sally Al jall a gy chaiaal) Lgiliie 40 5lia Tl T80 L Gud Ja g e 4l pia
Apeliall Clisall e Sy Aeglal) Clasall aladiul Sllb 5 dayll

4l ana 4gd Calia) 3 5 suilisil) AT 6 e 3 i dal se Al jall Caeadiin) N
Go gond il A G Aul Al cadl Sy jhesili 50 G e sii142 Gn sl i
pan b Y aliie e 3l ST e 5 50 3l aaall 53 sl dalell i 5 e i)



Abstract

In the second half of the 20 th Century , there has been a great increase in
the use of food additives and textile dyes with varying levels of safety.
Many more additives especially colors have been introduced of both
natural and artificial origin.

Reactions of some colors and dyes especially azo dyes have been
reported occasionally in sensitive individuals symptoms include skin
rashes, nasal congestion , hives, asthma and allergic activties .

So, our research scoped on studing the effect of light and oxygen on the
five dyes used in different ways " food additive, dying of textile and
drawing on the skin which called (tattoo)” . Photocatalytic and
photooxygenation reactions were carried out of five dyes. These
reactions explained the effect of free radicals on these dyes which
degraded them into many compounds. The produced compounds consider
harmful substances which may be linked with cancer and mutation.
Owing to this, part from our research included studing the effect of some
formed compounds on the DNA, which showed damage or alkylation to
DNA . This result is a good evidence on the harmful dyes which used in
this research.

This studing subjected also to extraction of natural dyes and compared it
with artificial ones, which showed that natural dyes is not harmful like
artificial dyes .

Therefore this study recomended that natural colors and dyes are safety
and must be used instead of synthetic ones which are harmful.
Nanotechnology is enabling technology that deals with nano-meter sized
objects . It is expected that nanotechnology will be developed at several

levels materials, devices and systems. The nano materials levels are the



most advanced at present, both in scientific knowledge and in commercial
applications. Nano particles materials as TiO, were studied in this study.
It was shown that the light reactivity of titanium dioxide nano particles,
especially when with UV light, can enhance catalytic properties of

surface to accelerate the photo catalytic reaction.

summary

e Studing photocatalytic reaction of five dyes which used in different purposes using

The aim of the present work is:

catalyst with different particale sizes 50 & 142 nm.

e Studing the photooxidation reaction of these five dyes using different sensitizers.

e Extraction of natural dyes (Amaranth) from amaranth plant which grow in glass house
in the kingdom of Saudia Arabia.

e Studing the effect of photocatalytic and photoxidation products on the DNA to be sure
which one of these dyes is harmful and may be causing cancer and mutation.

e Comparing the nature dyes with the synthetic one.

The five dyes were classified into three classes:

e Food and textile dyes.

e Food additive (dyes).

e Textile dyes.

Fristly Food and Textile Dyes

Amaranth is soluble in water . It was subjected to both photocatalytic

and photooxidation reactions.

Photocatalytic of Amaranth (11) with TiO, 50 & 142 nm and hydrogen

peroxide under irridiation of mercury lamp gave :



Disodium 3,4-Dioxo-3,4-dihydro-naphthalene-2,7-disulfonate (93) &
Disodium 3,4-Dihydroxy-3,4-dihydro-naphthalene-2,7-disulfonate (94) &

Sodium 4-Hydroxy-naphthalene-1-sulfonate (95).
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whereas, in photooxidation reaction of amaranth with rose Bengal as
singlet oxygen sensitizer under irridiation of mercury lamp in presence
of oxygen gas gave

Disodium 3,4-Dioxo-3,4-dihydro-naphthalene-2,7-disulfonate (93) &

Sodium 4-Hydroxy-naphthalene-1-sulfonate (95).

Secondary Food additive Dyes
Tartrazine (1) was subjected to photocatalytic reaction using titanium dioxide ( in
different particle size) it was broken down to give two photodegradated products:
Sodium phenol sulfonate (96) &
Sodium-4,5-dihydroxy -1-(4-sulfonatophenyl)-4,5-dihydro-1H-pyrazole-3-
carboxylic acid (97)
g/oNa O <ONE
N“‘i D D i O

Nao—§ (96) /
05y @)



Allura red (14) was photocatalyzed using titanium dioxide ( in nano particle size) to
give two photodegraded products:
Sodium 5,6-dioxo-5,6-dihydro-naphthalene-2-sulfonate (98) &

Sodium 5-methoxy-2-methyl-benzenesulfonate (99)

OCHj
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Thirdly Textile Dyes

Congo red (15) was subjected to photocatalytic reaction and photooxidation reaction.
When it treated with TiO, in 142 nm partical size in presence of H,O, using mercury
lamp (photocatalytic) gave :

Sodium 4-Amino-3-hydroxy-naphthalene-1-sulfonate (100) &

Biphenyl-4,4'-diol (101)

NHZ OO OH + HOOH

_\"
o (15) NaO”~ \“O
NaO5 NaO’ C (100)

whereas, in photooxidation reaction, it has been obtained three degraded compounds
Sodium 4-amino-3-(4'-nitroso-biphenyl-4-ylazo)-naphthalene-1-sulfonate (102) &
Sodium 4-amino-3-nitroso-naphthalene-1-sulfonate (103) &

4, 4'-Dinitroso-biphenyl (104).
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Sudan black (16) is insoluble in water but soluble in orggﬁic
solvents as chloroform.

It was subjected to photooxidation reaction in presence of chlorophyll as
singlet oxygen sensitizer under irridiation with mercury lamp to give three
photooxygenated products
4-(Phenyl-hydrazono)-4H-naphthalen-1-one (105) &
4-(2,2-Dimethyl-2,3-dihydro-1H-perimidin-6-ylazo)-naphthalen-1-hydroperoxide
(106) &

2,2-Dimethyl-2,3-dihydro-1H-perimidin-6-ol and phenol (107) & 18a

eyl mm oo
N

/

5O ol

(105)
(16)

H H OH
. ><Nt N/’NOO+H ><Nt OH + é
E O (106) E O Z
(107) (18a)
Biological effect of degraded 94 compound on DNA in ethanol (1 mg/ 5 ml) were added 1
ml of DNA in saline solution.
The reaction mixture was irradiated at 0C®, using a sodium lamp for 60 hours, samples
were taken at different times to determine the damaging effects of this product on DNA
using the gel electrophoresis technigne.

The photographs of the gel were taken under U.V. light (365nm).

The results were recorded in table.



Sample Time of irradiated (h) Degree of DNA
alkylation

DNA | e e

94 + DNA 0 None

94 + DNA 10 None

94 + DNA 20 Poor

94 + DNA 30 Moderate

94 + DNA 35 Moderate

94 + DNA 40 Moderate

94 + DNA 45 High

94 + DNA 50 High

94 + DNA 55 High

94 + DNA 60 Very High

Amaranth

hv 10,

Disodium 3,4-Dihydroxy-3,4-dihydro-naphthalene-2,7-disulfonate (94)

DNA|

genotoxicity

c o n CI u S I o n It has been confirmed that photocatalytic and

photooxidation reactions could be caused degraded of dyes and gave degradated products.

It has been examined various methods used in photocatalysts reaction.
It has been found that adding TiO2 nano particles into the photocatalytic reaction
accelerated the rate of degradation, thereby reducing the reaction time and improving the

reduction of color. Therefore TiO2 nano particles are considred as an effective and



feasible process for pretreating the azo dye- loden solutions, making possible a post-
treatment of the effluent in a biological system.

It is plausiple that such degraded products are produced in situ when these dyes are treated
with DNA under irridiation conditions and they might be responsible for some adverse
effects in cells. It should, therefore, be relevant to elucidate the biological consequence of
these products with DNA and other cell compounds. The genotoxicity of photobinding

DNA intercalators, which possess additionally oxidative potential, has so far not been

investigated.
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