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Chapter Three

Results T Discussion

3.1 Preparation of ligands

Potassium methyl xanthate, potassium ethyl xaethadtassium
isopropyl xanthate, potassium butyl xanthate, amdagsium hexyl
xanthate ligands were prepared according to thenidaé reaction as

shown in equation (3.1)

/S
ROH + C$ + KOH —cebatly ROC/ + HO (3.1)

SK
Where: R = CI‘!;', CzH5', Q3H7', C4H9', or C5H13'

The reaction was one to one (1:1) stoichiometryefcess of KOH

solution was added to ensure complete reaction.

3.2 Preparation of complexes

Tris(methylxanthato)chromium(lll),tris(etlkgnthato)chromium(lil),
tris(isopropylxanthato)chromium(lll),  tris(butylxdrato)chromium(lll),
and tris(hexylxanthato)chromium(lll) complexes werepared according

to the chemical reaction as shown in equation (3.2)

3ROC /+ Cr Ck .6 HLO—= (ROCS),C S>C—OR + 3KCl + 6H,0 (3.2)
K s/

The stoichiometry of the above reaction was 3: thwespect to

ligand and metal salt, respectively
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3.3 Physical properties of prepared ligands and
complexes

Table (3.1) lists some of the physical propertiebgands and their

complexes.

Table (3.1): Some physical properties of the pregétigands and

complexes
Compound Color Melting point°C | M calc.% | M found %
PMX Yellow 215-218 - -
Cr(mex) Deep green >300* 2.53 3.84
PEX Light brown 108-110 - -
Cr(etx)s Greenish blue >300 3.27 4.20
PPX Yellowish white 208-210 - -
Cr(prx)s Light blue >300 6.51 7.32
PBX Yellowish white 198-200 - -
Cr(bux)s Light blue >300 5.34 6.13
PHX Yellowish white 210-212 - -
Cr(hex) Light grey >300 4.88 5.10

* didn’t melts below 300C

The color of these ligands was all yellow but wdifferent levels.

The color of the prepared complexes has ranged ffeep green to light

grey. The melting points of the ligands were ranfean 108 to 218.

However, the melting points of the complexes haeenot recorded

because they did not melt below 3@ The data of metal were obtained
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using flame atomic absorption technique. The catcuh values were in a

good agreement with the experimental values.

3.4 Magnetic susceptibility and molar conductivity

measurements

The Experimental magnetic moment for each compdelksted in
Table (3.2). Magnetic measurements are commonlyl usestudying
transition metal complexé&™. The magnetic properties are due to the
presence of unpaired electrons in the partiallgdild-orbital in the outer
shell of that element. Theses magnetic measurengérgsan idea about
the electronic state of the metal ion in the comple

The resultant magnetic moment of an ion is dueoth lorbital and
spin motion“®”.  The magnetic moment is given by the following

equation*%?*

Us+L =4/4S(S+1) +L(L+1) B.M
u = Magnetic moment
S = Spin quantum number

L = Orbital quantum number
B.M. =927 x1G*J. T*

Although detailed determination of the electronrtisture requires
consideration of the orbital moment. However, farstncomplexes of the
first transition series the spin — only moment uéfisient, if the orbital

contribution is smalf'®®, therefore:

1A
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Hs= +/4S(S+1) B.M.,

or
Us= +n(n+2) B.M.
S =n(1/2)

S= Spin multiplicity

n = Number of unpaired electrons.

The value of magnetic susceptibility of the pregactemplexes at
room temperatures was calculated using the follgwquation:
Hs = V/Xu xT
Xa=Xm+D
Xm= Xq. Mwt
Where:
Xa = Atomic Susceptibility
Xm = Molar Susceptibility (corrected)
Xy = Mass Susceptibility
Mwt = Molecular weight of complex
D = Diamagnetic correction factor x10
T = Temperature in Kelvi’C + 273)

B. M = Magnetic moment unit (Bohr magneton)

The observed magnetic moments for the prepared II)Cr(l
complexes is shown in Table (3.2). Theses valuesyaical of high spin
octahedral complexes of Cr(Iff}¥. These values were in a good
agreement with that given by Kazzer et al. for@méetx) which has been
reported to be 4.18 B.M. However, the value fofnt&x)y was reported
to be 3.89 B.M“% compared to our value of 4.20. The values of the

molar conductivity measurements in DMSO solver®H€ in Table (3.2)

¢y
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showed, that tris(alkylxanthato)chromium (lll) coleyes were non-

electrolyte

Table (3.2): Magnetic Moment and molar conductiyitMeasurements

of complexes

Magnetic Moment| Molar conductivity Suggested

complex 1 o 1
(B.M) Ohm~cmmol Structure

Cr(mex} 4.20 18 octahedral
Cr(etx} 4.18 17 octahedral
Cr(prx) 4.15 10 octahedral
Cr(bux) 4.12 16 octahedral
Cr(hex} 4.16 13 octahedral

3.5 FTIR Spectra for ligands and their complexes

The FTIR spectra of the prepared potassium algghids and their
chromium complexes are shown in Figures (3.1-3fb@)comparison.
The FTIR spectra of the chromium complexes wereamboth KBr and
Csl discs. This is because the absorption bardsv00cni" were weak
with Csl disc due to high absorption bands abov@cBt as shown in
Figures 3.2, 3.4, 3.6, 3.8, and 3.10, (a) and ¢b)xiBr and Csl discs ,

respectively .

The main absorption bands for both ligands and ttenplexes are
listed in Table (3.3).

The absorption bands observed at (1155-1188) dmthe
spectra of free xanthate ligands were may be asgitpv(O-C-O) . This
bands have shifted to higher values of (1226-128%) dor chromium (111)

123
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complexes which range from (44-81¢mindicating some involvement of
oxygen of (C-O-C) in bonding with metat&®,

The bands at (1042-1065¢)rin the spectra of xanthate ligands
can be assigned to (C-S) stretching frequenciegshénspectra of all
complexes, theses bands shifted to lower frequen@aged from (7-
24cm?) to give absorption bands for the complexes inrtrege (1032-
1050 cni') suggesting that sulphur is involved in bondinght® metal ion,
this is in agreement with previous earlier assigmi&®. Furthermore, the
occurrence of this single band duev&-S) in all xanthate complexes

showed the uninegetive bidentate behavior of timéhede ligandS°”.

The bands at (1105-1145 ¢min the spectra of xanthate ligands
can be assigned tdC=S). The absorption bands of thWg&€=S) for the
PMX was 1105cii compared to 1145ctfor PHX which indicated a
large shift from methyl to hexyl group in the ligen. This is in agreement
with that reported previousf{’®. This has been attributed to the greater
electron - releasing tendency o f the hexyl parad to the methyl
group(108)

frequency of (1117-1190cH, which represented a shift to longer

. In the spectra of all complexes, theses bandiegho higher

frequency of as much as 62 ¢m

The FTIR spectra of the complexes have shown rewd®in the
range of (347-352ci) for all complexes as listed in Table (3.3). These

bands were assigned to (Cr-S) stretching vibr&tfon'®
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Figure (3.2): FTIR spectrum for tris (methylxanth@a) chromium (l11)
complex using (a) KBr (b) Csl discs.
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Figure (3.4): FTIR spectrum for tris(ethylxanthatahromium(lll)
complex using (a) KBr (b) Csl discs.

£9



Chapter Three Resultsel Discussion



Chapter Three Resultsel Discussion

gogp g Lepspad o b d el

Rl L Rl bl

TN T T Y

8 E B E B Bud

LELLlaiia Qi

5

(b)

Figure (3.6): FTIR spectrum for tris(isopropylxaiato)chromium(lil)
complex using (a) KBr (b) Csl discs.
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Figure (3.8): FTIR spectrum for tris(butylxanthatgchromium(lil)
complex using (a) KBr (b) Csl discs.
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Figure (3.10): FTIR spectrum for tris(hexylxantha)chromium(lil)
complex using (a) KBr (b) Csl discs.
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Table (3.3): Infrared bands of xanthate ligandsd their complexes

Compounds | v(C-O-C)em*| v(C-S)cnit | v(C=S) cnt | v(Cr-S) cni'
PMX 1188 1045 1105 *
Cr(mex) 1238 1038 1167 347
PEX 1165 1042 1113 *
Cr(etx)s 1246 1032 1117 349
PPX 1155 1065 1123 *
Cr(prx)s 1227 1041 1141 347
PBX 1184 1055 1136 *
Cr(bux)s 1250 1047 1180 352
PHX 1182 1062 1145 *
Cr(hex)s 1226 1050 1190 347

* Not found

3.6 Ultraviolet —Visible Spectroscopy

The ultraviolet-visible absorption spectra of petam alkyl
xanthate (PAX) ligands in DMSO were recorded anowshin Figures
(3.11a-3.16a). A maximum absorption wavelengthsewebserved at
(450-486nm) of moderate absorbance and off-scaid labsorbance
reading below 400nm. These transitions may bebated to n—7*, and
n —n* electronic transition respectively. The absorbescof these
transitions were employed to follow the decompositof the complex.
Although, the = —»xt* transition which occur at shorter wavelength,

below 400nm, with very high absorbance reading,tiiee reason it was

o1




Chapter Three Resultsel Discussion

difficult to follow any decrease in the absorbandéerefore, the
decomposition reaction was followed using-#r* electronic transitions.
The absorption spectra of tris(alkylxanthatdroenium (l11)
complexes have shown different absorption wavelefigtm that of the
free ligand as shown in Figures (3.1b-3.16b). Thesamplexes
absorbance wavelengths were shifted to differenteleamgths than the
corresponding bonds in their ligands, which app@&arhe wavelength
range between 310 to 620nm. These values arel listdable (3.4).

These blue shift may be attributed to the fornmatiof
chromium(lll) complex which was in agreement wite tcolor of the
resultant prepared complexes as shown in Table &hd their FTIR
spectra.

The ligand field electronic transitions between thetal d orbitals
appear in Cr(lll) bands located in the visible g for
tris(alkylxanthato)chromium(lll) complexes at (5820nm) assigned to
the transition'A,g(F) — “T.g(F) and (442-460 nm) assigned to the
transition*A,g(F)— “T:g(F) and (310-312nmiA.g(F)_, “T-g(P). These

transitions are showed in Table (3.4).
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Figure (3. 11): The ultraviolet visible spectrunfor a) potassium methyl
xanthate and b) tris(@hylxanthato)Chromium (111)
complex.
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Figure (3. 12): The ultraviolet visible spectrunfor a) potassium ethyl
xanthate and b) trisfgylxanthato)Chromium (lII)

complex.
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Figure (3. 13): The ultraviolet visible spectrunfor a) potassium propyl
xanthate and b) tris@propylxanthato)Chromium (111)
complex.
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Figure (3. 14): The ultraviolet visible spectrunfor a) potassium butyl
xanthate and b) tris(ityllxanthato)Chromium (111)

complex.
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Figure (3. 15): The ultraviolet visible spectrunfor a) potassium hexyl

xanthate and b) tris@xylxanthato)Chromium (111)
complex.
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Table (3.4): Absorption wavelengths of the prepaidegands and

their complexes

Ligand wavelength _ »
Assigned transition
complex nm(cm?)
PMX 472(21186) n— *
590(16949) “"A2g(F)— “T1g(F)
Cr(mex) 455(21978) *A,g(F)— “T1g(F)
311(32154) ‘A,g(F)—*T.g(P)
PEX 478(20921) n— n*
576(17361) “"A2g(F)— “T1g(F)
Cr(etx)s 450(22222) *A,g(F)— “T1g(F)
312(32051) ‘A9(F)—Tg(P)
PPX 486(20576) n—n*
615(16260) *Ag(F)— “T1g(F)
Cr(pro)s 445(22472) *A2g(F)— “T1g(F)
310(32258) *A9(F)—*T9(P)
PBX 481(20790) N 1*
603(16584) "A.9(F)— “T.g(F)
Cr(bux); 460(21739) *A,g(F)— *“T.g(F)
312(32051) “A,g(F)—*Tg(P)
PHX 465(21505) n—n*
620(16129) "Azg(F)— "T1g(F)
Cr(hex) 442(22624) "A9(F)— “T1g(F)
310(32258) ‘A9(F)—T9(P)

1y
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3.7 Photodecomposition of tris(alkylxanthato )chroumm

(111) complexes

The primary concern was to follow the spectral gemnwhich
occurred on irradiation of Cr(Axhelate complex in DMSO. UV-visible
spectral techniques and FTIR identification methagse used to follow
the photodecomposition reaction. The uv-visiblecté technique was
also used to determine the rate of photodecompaosiif the chelate

complexes.

3.8 Spectrophotometeric measurements

On irradiation of %10°> mol/l Cr(Ax); in DMSO at room
temperature, the complex absorption spectrum clsangéh the
irradiation time. A decrease in the absorbancensitg was observed at
wavelength of its maximum absorbencies as showngares (3.16-3.20)
for (n—7t*) transitions in all prepared complexes. Table)3ists the
changes in absorbance(Aralues with the irradiation time. From these
changes in absorbance values during irradiatioe, ayuld say that the

intra oxidation-reduction reaction occurs with hdytic scission of Cr-S

Il
bond andCr(Ax), was formed.

¢
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Figure (3.16): Uv-visible spectral changes in thbsorbance of Cr(mey)
during irradiation; (1) Before irrad. (zero time)2) After 15 min. (3)
After 30 min. (4) After 45 min. (5) After 60 minrrad. measured
at A, =311nm. at room temperature.
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Figure(3.17 ): Uv-visible spectral changes in thbsorbance of Cr(etx)
during irradiation; (1) Before irrad. (zero time) (2) After 15 min. (3)
After 30 min. (4) After 45 min. (5) After 60 minrrad. measured
at A, =311nm. at room temperature.

10



Abs

Abs

Chapter Three Resultsel Discussion

1000 -

oS00

RLE =l m B
25000 a0 .00 nm S0O0.00 SOoo0.00 OO0 .00

Fig.(3.18): Uv-visible spectral changes in the alpsance of Cr(prxy during
irradiation; (1) Before irrad. (zero time) (2) After 15 min. (3) After
30 min. (4) After 45 min. (5) After 60 min. irradmeasured at;,.
=311nm. at room temperature.

os15

oS00

o000 -

Z00.00 G n i ula] SO0 .00 SO0 .00 p=1ulm W ulu]
T

Figure (3.19): Uv-visible spectral changes in thbsorbance of Cr(bux)
during irradiation; (1) Before irrad. (zero time) (2) After 15 min. (3)
After 30 min. (4) After 45 min. (5) After 60 minrrad. measured
at A, =311nm. at room temperature.

N



Abs

Chapter Three Resultsel Discussion

200,00 00,00 S00.00 =S00.00 900,00
nin

Figure (3.20): Uv-visible spectral changes in thbsorbance of Cr(hex)
during irradiation; (1) Before irrad. (zero time) (2) After 15 min. (3)
After 30 min. (4) After 45 min. (5) After 60 minrrad. measured
at A, =311nm. at room temperature.

Table (3.5): Variation of absorbance with irradi@in time of the

complexes

Absorbance a#d;, =311+1nm for

Irradiation time (sec.) " Crietxs | Cronds | Cribux) | Crihex

0 1205 | 1.037 | 0814] 0632  0.45

900 1134 | 0978 | 0.786] 0616] _ 0.449

1800 1.060 | 00930 | 0.741] 0601 0441

2700 1011 | 0897 | 0.717| 0589  0.433

3600 0950 | 0854] 0687] 0580 0425

4500 0013 | 0818| 0657] 0569 0418

5400 0868 | 0.783| 0630] 0558 0412
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The absorbencies at infinite irradiation [JAof each compound
were measured after a period of more than 50 h&ash absorbance was
subtracted from (4 as listed in Tables (3.6 - 3.10). The natural tiigen
of each value was taken. To convert the negatiheegaof the resulting
logarithm, one was added to each value.

Table (3.6): Natural logarithm of absorbance witlradiation time of

Cr(mex)
Irradiation time(sec.) A (Ac-AL) INn(A-A,) | 1+In (A+-A.)

0 1.205 0.897 -0.109 0.891
900 1.134 0.828 -0.191 0.809
1800 1.060 "0.752 -0.285 0.715
2700 1.011 0.703 -0.352 0.648
3600 0.959 0.651 -0.429 0.570
4500 0.913 0.605 -0.503 0.497

5400 0.868 0.560 -0.579 0.420

A, = Absorbance at infinite time = 0.308

Table (3.7): Natural logarithm of absorbance witlradiation time of

Cr(etx)s
Irradiation time(sec.) Ay (A¢-AL) IN(A-A) | 1+In (A-AL)

0 1.037 0.771 -0.260 0.740

900 0.978 0.712 -0.339 0.660

1800 0.930 0.664 -0.409 0.590

2700 0.897 0.631 -0.460 0.540

3600 0.854 0.588 -0.531 0.469

4500 0.818 0.552 -0.594 0.406

5400 0.783 0.517 -0.659 0.340

A, = Absorbance at infinite time = 0.266

TA
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Table (3.8): Natural logarithm of absorbance witlradiation time of

Cr(prx)s

Irradiation time(sec.) A (Ac-A) N(ArA) | 1+In (AcAs)
0 0.814 0.604 -0.540 0.496

900 0.786 0.576 -0.551 0.448

1800 0.741 0.531 -0.633 0.367

2700 0.717 0.507 -0.679 0.320

3600 0.687 0.477 -0.740 0.260

4500 0.657 0.447 -0.805 0.195

5400 0.630 0.460 -0.867 0.133

A., = Absorbance at infinite time = 0.210

Table (3.9): Natural logarithm of absorbance witlradiation time of

Cr(bux)s
Irradiation time(sec.) A (At-AL) IN(A-A,) | 1+In (A-AL)

0 0.632 0.480 -0.734 0.266

900 0.616 0.464 -0.768 0.233

1800 0.601 0.449 -0.800 0.200

2700 0.589 0.437 -0.828 0.172

3600 0.580 0.426 -0.849 0.151

4500 0.569 0.417 -0.875 0.125

5400 0.558 0.406 -0.901 0.098

A, = Absorbance at infinite time = 0.152

14




Chapter Three Resultsel Discussion

Table (3.10): Natural logarithm of absorbance wittradiation time of

Cr(hex)
Irradiation time(sec.) A (At-As) IN(A+-A.) | 1+In (A-AL)
0 0.459 0.425 -0.855 0.144
900 0.449 0.415 -0.879 0.120
1800 0.441 0.407 -0.898 0.101
2700 0.433 0.399 -0.919 0.081
3600 0.425 0.391 -0.939 0.061
4500 0.418 0.384 -0.957 0.043
5400 0.412 0.376 -0.973 0.027
A., = Absorbance at infinite time = 0.034

These values were then plotted against irradidtroe, as shown
in Figures (3.21-3.25). The slopes of these plefmasent the inverse
photodecomposition rate constant()kof each complex .
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Figure (3.21): Plot of natural logarithm of absdrance against
irradiation time for Cr(mex}
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Figure (3.22:) Plot of natural logarithm of absdyance against
irradiation time for Cr(etx}.
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Figure (3.23): Plot of natural logarithm of absdyance against
irradiation time for Cr(prx)s.
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Figure (3.24:) Plot of natural logarithm of absdwance against
irradiation time for Cr(bux).
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Figure (3.25): Plot of natural logarithm of absodnce against
irradiation time for Cr(hex} .
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3.9 Kinetic of the photodecomposition reactions nsi

uv-visible spectrophotemetric measurements

The change in the uv-visible absorptions speatirand irradiation
were monitored through the photolysis experimeniiee decay of
tris(alkylxanthato)chromium(lll) complexes durindhet irradiation at
311+1 nm, was followed by the change in the chelaacentration
spectrophotometrically. In order to determine theater of
photodecomposition of Cr(Ax)complexes. From this change, it was
found that the value of (AA.) decreased exponentially with irradiation
time corresponding to the first order chelate dgmuosition and was

consistent with first order reaction.

At wavelength 311 +1 nm , the value of-},| decreased
exponentially with irradiation time as summarizedrigure(3.26) for the
variation of 1+In(A-A.) with irradiation time (t) of Cr(Ax) complexes.
The straight lines are consistent with the firstesrchelate decomposition
processes. Therefore, from the slopes of thesmglstiines, the values of
specific rate constants {Kwere evaluated. Using the value ofg\Kthe
rate of photodecomposition were calculated (Rakg [Concentration of

Cr(Ax)3] ) and the quantum vyield of this process is deduce

\a
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Figure (3.26): Variation of natural plot logarithmof absorbance with
irradiation time of theCr(Ax); complexes in DMSOA;, =
311+1 nm. at room temperature).

The following kinetic equilibri&™ might be followed for the reactions in
equation (3.1) of scheme (3.1) :

d[Cr(Rx)4]*
dt

=laps— K_1 [Cr(RX)s]* (3.3)
Where lysis absorbed intensity radiation, &nd s of DMSO were
calculated using equation (2.1) and found to beaktp 1.3891x 10

Ein.[*.S+ and 5.114x 10 Ein.I.S?, respectively. These values were

used in the calculation of the quantum yield acowydo equation (3.4):

Qq = rate of photodecomposition 4,4 (3.4)

A&
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Since the rate of excited state decomposition canexpressed as in

equation (3.5) is:

d[Cr(Rx)4]*
dt

=lapbsK2 [Cr(RX)g]* — K 1 [Cr(RX)3]* (3.5)
Assuming that the [Cr(R¥) excited state concentration is fixed, then:

* _ Iabs
[Cr(RX)3]* = Kk, (3.6)

The value of excited state concentration, [CrgRx)in equation (3.6) is

substituted in equation (3.3), one can get:

d[Cr(Rx)g] L labsK -1
dt — labs K_1+ K2

K.
- |ab< 1_ 1 > (3.7)
K+K,

Then equation (3.4) can take the form:

0y = Rate of photodecomposition _ _ d[Cr(Rx)] | (3.8)
| e dt abs

The value of quantum yield of photodecompositiog) @n then be given

by equation (3.9):

Yo
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Q AL 3.9
TG -9
or
K2
U= K, (3.10)

By rearranging equation (3.9) and equation (3.1@)can obtain equation

(3.11) for the value of reactivity ratio §KK,).

:2%21: 1(—2;% (3.11)

Equation (3.11) was used to calculate the reagtiratio of the
photodecomposition of Cr(Ax)Jn DMSO. These values are listed in
Table (3.11). The results of Table (3.11) for thadtivity ratio indicated
that these values decreased as the number efg€idp in complexes
increased and that should be expected since thie whlQ decreased in
the same manner. This also may be explained asutmer of methyl
group in complexes decreased, the excitation ofcinaplex become
much easier, i.e., the probability of excitatiahlfecame larger compared
to longer saturated alkyl chaift?. However, the small difference in the
above values between the ethyl and the isopromuitigands may be
due to the similarity in the spacial configuratiohthe two-alkyl group.
Therefore, the concentration of the populated ercgtate will be larger
for the small alkyl containing complexes (equati®d in mechanism
Scheme (3.1)). Consequently, the photodecompossitep (k) which
dependent on the concentration of excited statebwilarger for the less

number alkyl group containing complexes.
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Chapter Three

Table (3.11): Specific rate constant {K photodecomposition
constant(Ry), the quantum yield (@) and the reactivity ratio (K for
different complexes in DMSO (Irradiation waveleng®11 £ 1) .

Resultsel Discussion

S EE Conig'glt/rlation 10}'5"ds:1 10'§sqllvl 1%‘13 1}33
Cr(mex) 5.000 8.700 4350| 7.702  7.762
Cr(etX) 5.000 7.290 3.645| 6.454  6.496
Cr(prx)s 5.000 6.790 3.395| 6.011  6.047
Cr(bux)s 5.000 3.060 1530 2709 2716
Cr(hex), 5.000 2.170 1.080| 1.921  1.925

From the results shown in Table (3.11), one caowdtce that K

and Q values were dependent on the number of;-Cgtoup in the

complexes.

The photodecomposition increased as the numb€&Hgf group in

the complexes decrease. Also the rate constant cauashtum yield

decrease from the higher number of £Hyroup as in hexane

complex( 1.925x 1) compared to the lower number of EHas in

methyl complex ( 7.762x 19 following the order:

(CeH150CS)sCr'" < (CHOCS)Cr" < (CH,0CS)Cr'" <
(CzH SOCQ)SCI‘” | < (CHSOC$)3C|’“I

The effect of the number of GHgroup in the complexes on the

rate of photodecomposition process is, therefagetated with the value

of quantum yield. The relationship of thg @lues for the complexes in

DMSO were plotted against the type of complex. Tasults shown

A%
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schematically in Figure(3.27), which indicated tliat increases as the

number of CH- group in complex decrease.

This shape of Figure (3.27) could be explaineddrsalering that -
OR group is electron-withdrawing group that woublilise less electron
density on the metal ion. The presence of the higidsitive center,
Cr(lll), made the dissociation of this week addtnzt produce a higher
guantum yield. This may be explain the observatwdrhigher Q of
Cr(Ax); complexes in DMSO.

-0

Quantum Yield x 10
O = M W R G =~ 0 W

| Crimesxs

N C
g Criptstiz

Cribuss

Crihexy

1 2 3 4 5

complexes

Figure (3.27): Variation in quantum yields (g with the number of
methyl group in complexes for the photodecompositaf
Cr(Ax); complex DMSO
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3.10 Photolytic Reaction mechanism for the prepared

tris(alkylxanthato) chromium (l1l) Complexes

The mechanism that may be suggested for the phodag®osition
processes is shown in Scheme (3.1). The uv-visdgectra of the
photolytic products indicated that the primary pmihgdis step might be the

hemolytic scission of a Cr-S bond as shown in eqngB.2). After that,

the obtained xanthate radical was rapidly deconmpdeeCS and R

radicals, which were then expected to abstractdgah from the solvent

(HD) forming alcohol.
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5 | (rocs) Cr/ \
311#1 nm : \/ (3.1)

Ky ()

1 (ROCSZ)ZCr<

L\/

U]

(ROCS,),Cr +S\c—0R (3.2)
/

a (n N (%)

\c OR s . Rro c/ S—S\
) \ /

M)

2.

(ROCSZ)ZCr<S>C—OR ] *

wn,

C—OR (33

I
AN

4. OR—C\ + HD ———> RO—C\ (3.4)
¢ VI)

5 / s . .
OR———C\S CS, + OR 35)
(V)
° ° K6
6. RO + OR—>> RO ——OR
(3.6)
7. RO + HD K+ .
——> ROH + D (3.7)
° ° K8
8 D + D—— D —D (38)
Where: KK, K, Ks, Kg....... , etc. are the rate constants for

the above reactions.

Scheme (3.1): The suggested reaction mechanisnttier

prepared complexé?
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The compound (I) has been excited to compound y) uv—
radiation at 311+1nm .The bonds between the chnormatom and the
two sulphur atoms in the excited state of this conmul break to yield
compounds (lll) and radical (IV) as shown in equ&{3.2) .The radical
compound (IV) may undergo different radical reaasiolt may either
recombine to yield the dimmer (V), or abstract loggm from the solvent
(HD) as in equations (3.3) and (3.4), respectiv&lye bond between the
oxygen and carbon may break to yield carbon disdépland alkoxy
radical (equation 3.5). The alkoxy radicals may deenbined to yield
peroxy as in equation (3.6) or abstract hydrogemfthe solvent to yield
alcohol (equation 3.7). The solvent radicals predfrtom equations (3.4)
and (3.7) may finally recombine as in equation X3Bowever, these
suggestions need further investigation using modetmumentation such
as ESR, mass spectrometry and other spectroscoplc saparation
techniques to validate the above reactions schdrhe. reaction rate
constant K, K4, Ks, Kg, K7, and IKgin equations (3.3-3.8) were very large,
since, they involved very reactive radical reatioHowever, excitation
irradiation reaction in equation (3.1) was assuiteele the slowest step
followed by the decomposition reaction in equat{8r2). Consequently,

this reaction was considered as the rate-determstep.

Therefore, the dissociation reaction was followed uy-visible
spectrophotometery by measuring the decrease imliberbance of the
prepared tris(alkylxanthato)chromium(lll) complexeswill be described

thereafter .
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3.11 Conclusion Remarks

In the work described in this thesis, the photodsasn of
tris(alkylxanthato) chromium (lll) complexes in DNISwas studied. The
results have suggested that these complexes wetesensitive when
irradiated with uv radiation of wavelength 311+1 .namd decomposed
through the scission of the Cr-S bond. The Cr{éoinplexes after

irradiation produced G(Ax), and [(CS)OR] radical which ultimately

decomposed to GSand R radical. The latter abstracted hydrogen from

solvent molecular to produce alcohol as suggestgdthe propose
mechanism. It was also found that the photochemieattion is first
order accordingly. The specific rate constantg) @ room temperature,
were evaluated by monitoring the spectral changasng irradiation

process.

The quantum yield of photodecomposition proceggeizerally low
and is greatly affected by the type of ligands nili chelate complexes
and the number of CH group. The value of quantum vyield of
photodecomposition in these complexes increasdéiseasumber of Ckl
group decreased in the order, fromHGOCS)Cr", (CsH,OCS):Cr",
(C3H,0CS)sCr", (CHs0CS)Cr", to (CHOCS)Cr"

It is well established that transition metal chelatre
photochemically active in polymer photochemistryhe$e complexes
might be useful in many applications. Moreover,nasntioned eatrlier,
metal chelate with metals at high oxidation state active in the
enhancement of photodegradation of plastic ancetbey, might serve as

photocatalyst to treat the plastic waste pollupooblem.
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3.12 Suggestion for future work

1- It is recommended to study the photodecompositeactions of
these and other complexes using modern instrumemtsds

mentioned above.

2- The wuse of different metal complexes to compare the

photodecomposition of these metals.

3- The use of unsaturated, phenyl and other aromatmpounds
instead of alkyl group to compare their photodecositpn

constants and other values.

4- Study the effect of polar and nonpolar solvent dme t

photodecomposition reactions.

5- Using these complexes as photoinitiator for polyration process

might be good extension of the present work.
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Chapter one Introduction

Chapter one

Introduction

1.1 Photochemistry

Many reactions can be initiated by the absorptioh o
electromagnetic radiation via different mechanisiie&e most important
of all are the photochemical processes that caph&eadiant energy of
these reactions lead to the heating of the atmespheaing the daytime.
Other includes the absorption of visible radiatthring photosynthesis
processes in plants. Table (1.1) summarizes somestyf common
photochemical reactiofts.

Photochemistry is a natural phenomenon, which bagéme origin
of the universe world. Modern science describesrteraction between
light and matter in several main sciences suchhamistry, physics and
biology®. Photochemistry plays a fundamental role in life
(photosynthesis, vision, photoaxis, etc....). Thet |8 years of
photochemistry have shown the fundamental rolegalag experimental
and theoretical investigatiorfd. It's used for the determination of
molecular mechanisms, photocatalysis and electramicrmation of
complex device&®. The photochemical and photophysical processes of
thousands of organic and organometallic, coordmmatcompounds
complexes have been studid The major parts of photochemical
investigations were focused on molecular specigh ®imple process

(i.e. molecular photochemistr{f.
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Photochemical processes are initiated by the abearpof

radiation by at least one component of a reactiotumre. In aprimary

process products are formed directly from the excitedtestaf the

reactants. Products ofsgcondary procesariginated from intermediates

that are formed directly from the excited of thaa@nts?.

Table (1.1): Photochemical proces§es

Process

General Form

Example

lonization

Al— A" + €

NO —> NO' + €

Electron transfer

A"+ B—>A" + B

[Ru(bpy)]®* "+ F€*—— [Ru(bpy)®" + Fé*

A—/>=B + C

03*—> Q + O

Dissociation . .
A"+B—C—>A+ B + C |Hg + CH,— Hg + CH + H
Addition 2A*  — B 2 \=\ -
|
Abstraction | A" + B—C—> A—B + C| Hg + H,— HgH + H

The excited state is denoted by an asterisk(*¢alch example, the photochemical process is irnitilayeradiation.

1.2 Photochemistry of transition metal complexes

The photophysics and photochemistry of transitioretain

complexes has become an important branch of inergaremistry as

well as photochemistr{). On the contrary, a very little is known about

the photophysics and photochemistry of coordinabompounds of the

main group metal®. These compounds are kinetically labile and can

exist with variable coordination numbers and stitetin the solid state

and in solution. In addition, the structures of sn@omplexes deviate

from highly symmetrical geometries. These propsrttemplicate the

spectroscopic identification and characterizatidnn@in group metal

complexes. On the other hand, there are also fsatmhich facilitate the
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investigation of these compounds. Since the valshed includes only
(s) and (p) orbitals, the (d) orbitals have not&o considered for low-
energy electronic transitions. Compared to tramsithetals, the variation
of stable oxidation states of main group metalaush smaller.

Chemical reactivity depends mainly on the excitedesproperties
of a given molecular system and is relevant to mibtochemical
processes regardless of the origin and natureeoptiotoactive species
("9 Most of the photochemical reactions in transitioatal complexes
can be triggered with visible light, since theircgation energies are
usually lower than that of most organic moleculdse visible excitation
usually accesses the available low energy chaagsfer states of mixed
metal and ligand character, the so called metadgaord charge (MLCT)
states'’?. These states provide a rather unique gatewagudghr which
the optical excitation energy can be very effidgntransferred into
molecular excitation energy triggering a variety pafssible relaxation
involving electronic, magnetic and structural dymzsn

The photoinduced dynamics of transition metal caxes
involved many different types of excited statesjoimay differ in their
localization within the molecule, orbital parentagaergy, dynamics and
thus chemical reactivit{!”. In addition, the density of available excited
states is much higher than in case of organic mt#ecwhich means that
several different excited states may be populatéiimthe same narrow
energy range. This, in turn, leads to an enhannegtaction between
them, which makes the photochemical cycle rathemptex with
competing relaxation and reactivity pathwa&{s Many transition metal
complexes are redox-active, already in their ebeotr ground state
configuration*®. Their corresponding electron transfer (ET) reactian
involve either an increase of the oxidation statenwetal (MLCT
reactions) or that of the Ligand-to-Metal Chargeankfer (LMCT)
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reactions. This redox activity is often preservedhe excited states as
well - Therefore, many of these complexes undergo phaimied ET
(either intramolecular or intermoleculafy, which may occur within the

metal orbitals, ligand orbitals or within both siltameously.

1.3 Ligand—field excited— state photochemisty?*®

Excited electronic states of transition metal ca®rps have

bonding properties that are different from thosehefground state. These
properties can be predicted in straight forward mearfrom ligand-field
theory. This idea can be applied to metal complexath any
coordination number, but the most advanced thealetievelopment
involved the ligand field or d-d excited statesibfcoordinate complexes
of metals with &d® — electron configurations. The development of the
theory was spurred by the publication of Adamsam'as. The first rule
states that the axis having the weakest averagaatrfyeld will be the
one labialized. The second rule states that iflabealized axis contains
two different ligands, then the ligand of grateldi strength preferentially
equates. The theoretical basis for these rulesists of two steps. Step
one predicts which axis will be photolabilized. st&vo predicts which
ligand on the labialized axis will be preferentralabialized if the two

ligands are different.

1.4 Quantum vields

The photochemical reactions are based on that legthquantum

absorbed by molecules activated them.
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Excited molecules are unstable and thus all of tha&g undergo
chemical reaction and / or physical deactivationcpsses. Each process
starting with absorption of a photon and endindhwiisappearance of the
molecule or its deactivation to a non-reactive estigt called primary
process. The efficiency of photochemical and /lmwtpphysical primary
process (i.e. the primary quantum vyield (Q) is ruiedi a$*":

Number of molecule undergoing that process :
Qq = at same time
Number of photon absorbed by that reactant

The determination of the quantum vyields obviousbquired the
measurements of two quantities, namely, the chanffee concentration
of the reactant (or products) and the number otgi®absorbed by the

reactant at the same time.

1.5 Electronic Spectra and Excited Statés®>

Generally, electronic absorption spectra of tramsit metal
complexes are frequently complicated and spectssigaments are
difficult to establish. Coordination compounds arkaracterized by
absorption spectra rich in bands in the ultravialed visible region of the

light spectrum.

Irradiation in this region will sometimes causeofmeactions
which are more fascinating in inorganic photoreatgi because of the
possibility of generating a more divers numberlet&onic excited states

of high density distribution.

There are three basic types of electronic transitions of excited

states of metal complexes.
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I- Ligand Field (LF(d-d) )Transition:

These transitions arise from electronic transitidoetween the
metal d orbitals perturbed by the ligand field. {¥la@e localized on the
central metal atom and their properties depend hen rtumber of d
electrons, type of atomic term, local symmetry acbthe metal atom and
the nature of the ligand field. The molar absoipticoefficients®” (g)
for such transitions are in the range between 1#60D".I.cm™ and they
generally occur in the visible or near infraredioeg and are responsible

for color of many inorganic complexes.

ii- Intraligand Transitions (IL):

These transitions arise from electronic transitiohstween
molecular orbitals localized mainly on the ligafdiese orbitals are not
significantly perturbed by complex formation. ILafsitions in the
absorption spectra of the complexes are observgd fe— T, n — T
ando — o) which are equivalent to the transitions in theeftigand. In
spite of the fact that many coordination compouexisbit internal ligand
bands, there are only a few cases where such Ihavdsbeen recognized
@3 This is partly due to experimental difficultiesince the internal
ligand bands lie in the uv spectral region and thihgy are often
obscured by the very intense charge transfer bafks. few known
examples of photoreactions caused by IL excitatwa the trans-cis
isomerization of trans-4-stilbene carboxlic &%dCoordination of either
iridium (1) or ruthenium (1) ®”, and the isomerization that
accomplished by IL excitation of tailbone ligaff@. A furthermore
illustration of IL photochemistry is the photocheali behavior of cis-
dichloro-bis-(1-naphthylamine)-platinum(ll) uporradiation in the 250

nm regior?®.
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This photoreaction leads to the formation of theefrl-
naphthylamine ligand with relatively high quantumelg. Irradiation of
the naphthylamine ligand is known to produce anitedcstate with
decreased base strength compared with the groate] gius the reaction

appears to be the result of an IL isomer.

lii- Charge Transfer Transitions (CT)

These transitions arise from electron transitioasveen a metal
center orbital and ligand localized orbifdls Irradiation of a
coordination compound with light of appropriate whkngth may induce
transfer of an electron from ligand to metal (LMC®&s shown in the

following photochemical reaction:

[Fe(HZO)sBr]2ﬂ> [Fe(H,0)sBr] 2 —— = [Fe(H,0)s]*" + Br (1.1)

LMCT processes occur quite frequently because nsbiging
complexing ligands are Lewis bases. Occasionallgtamto ligand
electron-transfer (MLCT) absorption transition ocespecially in metal
carbonyls and nitrosyls compounds. Charge trangbsorption bands
always occur at higher energies than d-d transfi@md are frequently
found in the blue or ultraviolet regioh®). Generally, charge-transfer
absorption followed by chemical steps results idatton of one or more
ligand molecules with simultaneous reaction ofriretal ion. Among the
considerable number of surprising CT-generatedqyadbx reaction of
coordination compound, and one of the most speletaas that described
by Vogler and co-workef¥, in which a two-electron reduction of cis-
diazido-bis (triphenyl phosphine) platinum (ll) tsato the formation of
an intermediate tentatively assigned to hexazingeasribed in (equation
1.2).
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cis - [ (phsP). Pt(Ne);] O — +[ Pt(phsP),] (1.2)

The highly reactive LF, IL, CT-isomeric forms of @ppriate
ground state compounds can be achieved at verytdawerature and
can lead to the formation of formal oxidation num#heven when these
are not expected from classical thermal chemigigure (1.1) illustrates
the electronic state of coordination compounds efation to their
photochemical behavié¥.

t1g + tZg + tlu + t2u

R 7 ™
Qg a1
S 77777777777777 /(\
* \\
& €y |
10D 4 “
\
d tZQ N q 129* \\

-\
T~~~ N~

AN LN

Qg 181+ €& * by
o sieET o,
M etal atomic orbital Molecular orbital Ligand atomic orbital

Figure (1.1): Orbital energy diagram of electrontcansition in
octahedral complexeé?.

1.6 Photophysical and Photochemical Processes

Absorption of a photon by a species, A, leads ¢oftimation of a
short - lived electronically excited molecule, A*.

A+hvD - A* (1.3)

The electronic energy can be dissipated physicallshemically®?.
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1.6.1. Photophysical Processes:

These may be subdivided into radiative and noratiae process:

A* [J - A + heat nonradiative deactivation (1.4)

A*0 - A+hv radiative deactivatiowr (< v) (1.5)

() Non-radiative processesf'wo main processes are involved,
these ar€:

1- Internal Conversion (IC): An electronically excited complex may
return directly to its ground state without emissiof photon,
converting the excitation energy into heat. Interasion from the
first excited to the ground state is believed tesigaificant process in
coordination compound¥” solutions (life time are ranged from 10

to 10" sec.).

2-Intersystem Crossing (ISC): Radiationless transition between
electronic states of different multiplicity is foddlen, but it is a form of
radiationless transitions which can lead to popuktin - forbidden
states. This is a very important phenomenon insttiam - metal
complexes because it is well established that #te constant for
intersystem crossing is greatly enhanced in parastagspecie$”.In
many cases, their lifetime is sufficiently long tnable excited

molecules to engage in chemical reactfdhn

(i) Radiative processe®\n electronically excited metal complex can
return to the ground state by emission of a phdfaie multiplicities of
ground and excited states are equal, the emissicalled “fluorescence”,
if different it is called “phosphorescence”. Fluscence is relatively
uncommon in transition metal compleX&$ If the ion is paramagnetic,

intersystem crossing will lead to significant pagtidn of one or more
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spin-forbidden excited states which can subsegueéettay to the ground

state via phosphorescence.

Figure (1.2) shows the most important processashadccur in the

excited state of metal complex&

Singlet state Triplet state

5 .| % (.. Imersysiem !
- crozsing % \
Ta

- [nternal conversion —— \
Triplet-triplet
absorption
= " AR
|'I Intersyetem 3
Ccrossing 35
______________________ b 2]

T, Lowrest tripl=t ctate

-
Ahsorption —— ; Flouresence
_/ Phosphoreseace
N

Vibrat:onal nd

F rotational aableswels

! Ground state

Where: & is singlet groundtate
$and $ are the singlet first and second excited states

T, T, are the first and second triplet state

Figure(1.2): Deactivation process for an excitecbtacule(Jablonski
diagram)®®
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1.6.2. Photochemical Processes:

The photon excitation of coordination compounds ncause a
number of different reactions whose nature depeamdshe type of the
metal atom and the ligands involved, the wavelemjtirradiation and

other experimental conditions.

The photochemical reactions may be classified ifoiar main

types:
(i) Photochemical oxidation-reduction reaction:

In a large number of photochemical processes, Heeatl results
are the reduction of the metal and oxidation of @memore ligands.

Examples are reactions in equatio$1.6) and (1.7)

[Co(NH ), CI]* O = [Co(NH,). | +Cl (1.6)

[Fe(C,0,).]" O~ [Fe(C,0,),]* +[czo4' T_ (1.7)

In reactions shown in equations (1.6) and (1.7¢ frimary
photochemical process is thought to be the scissionetal-chlorile and
metal oxalate bonds in (Co-Cl) and (F#X) respectively. Benzene
thiolatobis- (dimethylglyoximato) pyridine cobalt Il
[Co(dmg)Sph(py)], photochemically forms the appropriate aiblfll)
complex [Co(dmg)y] with concomitmant formation of benzene thiolate
radicals (ptS) by homolytic scission of cobalt-sulfur bofid as shown
in equation (1.8).

11 Il
[phS - Co@dmgpy] O M - [Co(dmagpy] + phiS (1.8)

AR
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The generation of methoxy free radical (Hfrom the
photochemical decomposition in different solvents vanadium (v)
species has been studf& Irradiation of [VO°LOCH;] with A =265nm
has led to the redox reaction according to chenm&attion described in

equation (1.9) below.

VEoLOCH,—Y = 4ol + O CH, (1.9)

(Where L is a tetradentate Schiff base ligand).

(i) Photosubstitution reaction:

Excitation of coordination compounds may lead gahd exchange

reaction such as that shown in equations (1.10Yhd4):

crcoy+py O - crcoypy + co (1.10)

[Cr(NHs)e]** + HO [ BY [Cr(NH3)sH,01*" + NH; (1.11)

Photochemical ligand -exchange reaction are paatigucommon
in metal carbonyls and their derivatives. Moggi awdwarker§® have
reported the photosolvation of cobalt (Ill) completa irradiated with
UV-light.

[Co(CN)g® + H,0 — Yo [Co(CN)(H,0)]*+ CN' (1.12)

Some photosubstitution reactions could occur ineags solution

involving anionic ligands, as shown in equatiorig).

[Co(CNY* + 1" O . [Co(CNy]* + CN (1.13)
The reaction seems to involve primary photodissmeiaprocess,

yielding [Co(CN}]* which is then scavenged by the coordinating iedid

aniort®®.

VY
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(iif) Photochemical isomerization and racemisatioractions:

A number of optically active coordination complexeshibit a
tendency to racemise photochemically. The chromilifp acetylonate,
Cr(acacj is one of this type of complexes. Irradiation ektto Cr(acag)
with visible light of A = 546 nm has been reported the conversion (with

high quantum efficiency) to the levo fofffas shown in equation(1.14).

Cr(acac) — V= Cr(acac) 1)
dextro levo

Balazani and co-warkéf have shown that linkage
photoisomerization could occur in the Co(ll) conxge containing the
NO, group as shown in equation(1.15):

light

- + 1.15
=== [(NH3)sCo ONOF (1.15)

[(NH2)sCo-NO,J**

The reaction was found to be reversible; it goekba the original
compound in dark place. The photoisomization haanhbaso found to

occur in octahedral Pt(1V) and square planar Pttiahplexe$?.

(iv) Photocatlytic reactions:

Photocatalysis reaction, and a humber of reacti@ssribed in the
literature as: photoinitiated, light initiated, Hig accelerated,
photoenhanced, photosensitized ... etc, one oftah wWih the same
aspect$® considering the comments made by Mirb&e¢hand

Carassiff*®

. It is suggested that the above terms have beed ts
distinguish between the different light-inducedateans which lead to

the catalyzed conversion of diverse substrates.

VY
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1.7 The photoinduced catalytic reaction

The term implies the photochemical getneneof a catalyst from a
thermally stable and catalytically inactive compourihe catalyst can be
a coordinative unsaturated complex species, aligaad or a complex
with a changed formal oxidation number. The reactioequation (1.16)
iIs a photochemical reaction and it is unlikely tmaaction shown in
equation (1.17) is an exclusively thermal procédse catalyst is not

consumed in both reactior{¥
A0 - [C] (A= coordination compound, [G] catalyst) (1.16)

sofl. p (S= substrate, B product) (1.17)

Although light is required to generate the caglyther products are
also formed after the light source is shut‘ff The irradiation of mixed
ligand azido complexes of nickel (ll), palladium)(and platinum (II)
into the region of their charge transfer bandsex@mples of these kind
of reaction$®. This irradiation leads to the very efficient fartion of
coordinatively unsaturated electron-rich metallginents“® *® which
are catalytically active with respect to oligeormation or cyclization of

acetylene and alkyne derivatives, as shown in sei{ém).

N7
I:MLn(Nz}z] b 3N + LyM"® %—(

Scheme (1.1): Photoinduced Cyclotrimerization of etiglene in the
presence of mixed ligand azido complexes (M:Ni, Pd,
Pt; L; Mono-and diphosphane ligands}®.
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Chapter one Introduction

The coordination compound is not consumed in thaxgss. The
catalyst can react with the substrate either byntak or by further

photochemical activation as shown in equations8)lahd (1.19).

A O- [C] (1.18)
[Cl+SO0-P+A (1.19)

Unlike photoinduced catalyst reactions, photoasdiseactions do not

proceed without continuous irradiation.

The oxidation of ethanol to acetyldehyde with diameous
reduction of H to hydrogen through photoassisted reaction by diana
(1l1) complexes has been reported .The reactioeassbhown in equations
(1.20) and (1.24)" below.

v ol [V] 3"+ CHsOH O — CHsCHO + \** +2H" (1.20)

a2 O 2 [VI#+2H" O o Hy + 2 [V (1.21)

Scheme (1.2) provides an illustration to differatgi photoinduced

catalyst and photoassisted reactiéfis
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h.v X+ M Ln

[MLnX]
whereM is metal, L is Ligand , X is halogen

The weaby lines represent non-radiative relaxation

Solid lines represent radiative relaxation

Scheme (1.2): Schematic representation of phothioed catalyst (1)
and photoassisted reaction (1ff" .

1.8 Photochemical application of transition metal
chelate complexes

The photochemical activity of some chelate comptes found

many interesting applications. These are:

(i) Photoinitiator of free radical polyerization ath photocrosslinking
agents:
A wide variety of coordination compounds has bewmstigated in

terms of their photoinitiated polymerization reaotf?>*,
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Photoinitiation by chelate complex probably cangéid from the
original work of Bamford and Ferf@. The authors have shown that

[Mn" (acac)] photosensitize by the free radical polymerizatidrmethyl

methacrylate (MMA) and styrene. It was found (laaag  radical derived

from the ligand in chelate complex are responsiiole the initation

process, according to the following equation (1.22)

I I [
Mn (acac) + hv=—=[Mn (acac)]’ O - Mn (acac) + acac (1.22)

Vanadium inelates, such as chloro-bis-(2,3-penthoeato)
vanadium (V¥ and alkoxo - oxobis (8-quinolinolato) vanadium %)
can initiate a free radical polymerization in theegence of light.
Vanadium chelate-containing polymers can also lesl us polymerize
grafts and used as a cross linkifl compounds.A new type of
polyolefin V) chelate complexes, such as  oxo-tris-
(diakyldithiocarbamato) vanadium (V), VOESN(CHs),); was reported
%9 as photoinitior for the polymerization of styren@t A = 365 nm.).
Spectroscopic analysis has shown that initiatiocuoced predominately
through the scission of the (-SC(S)N(g4H! ligand with reduction of
vanadium (V), and VO(N(CHs), was the final photolytic product.
Recently, a chloro - oxobis - [(N, 4 — bromophersd)icydereiminato]
vanadium (V), VOLCI and its methoxy derivative VQDCH;, were
used as photo and thermal initiators. Vinyl polyiraion, derived from
Schiff base vanadium (V) chelate complexes whichreweapable of
initiating free radical polymerization of styrenedamethyl methacrylate

monomers at 28C and the incident light of wavelength 365®%
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(i) Photosensitizers:

Chemical conversion and storage of solar energyrasn a lot of

attention for converting solar energy to f{i8] Photochemical reduction

of CO, and water cleavage to hydrogen and oxygen werentbst

promising approaches of photochemical conversiahsémrage of solar

energy®. Because neither GGor HO molecules absorb light in the
visible solar spectruri®, photosensitizer was needed to approach these
processes. Ruthenium tris (bipyridyl) chelate cargRu(bipy}]** has
been extensively used as sensitizer for photocltednater cleavage to
give H, and Q on exposure to visible ligh?. Another study was made to
photoreduce CQin aqueous solution, to formic acid and formaldgy

by hydroxo-oxobis(8-quinolyloxo) vanadium (V), (VOQH), as

photosensitizer compl&¥.

Metal chelates, such as'"\{acac), F€" (acac) and Cd' (acac),
were also used as sensitizer in a photogalvaniesy$o convert light

energy to electrical ener§y®”.

(iif) Photostabilizer for polyolefins:

The photo-oxidation of polyolefin generated hydmapéde,
alcohol and various types of carbonyl groups ingblmer, as they were
exposed to sunlight. A carbon centered radical (R the amorphous
regions of the polyolefin rapidly combined with @gn which permeated
the amorphous regions to give a preoxy radical {R@his reacts quite
slowly by hydrogen abstraction from C-H site on thackbone to
generate a pendant hydroperoxide group (ROOH) i@sth tarbon center

which restarts the cycle as shown in reactions3jlafd (1.24%%®.
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R+ 0 0 - RO (1.23)

RO, +RH 00 A - ROOH +R (1.24)

The net effect of chain reaction was the consumptioO, and polymer
and building up of hydroperoxide. Many Schiff basesmes and
Substituted salicylate chelates of transition nsetalve been studied as
inhibitors of the photochemicaloxidation procesgatyolefins. Nikel (1)
metal chelate complexes of the type:

R
I
[

N
\-\ Ni R=CH g, buil
Df’/ 2

(NiOX)

have proven to be effective quenchers of excitatestand the hydrogen
peroxide decomposers which were the main precursbr the
photodegredation process. In photo-oxidation, ¢bslaof the type
(NIOX) have been shown to reduce the rate of rddigdiation by
absorbing UV light and functioning as an antioxiddl. Co(ll)
scalicylaldehyde oxime chelates were also consider® an effective
singlet oxygen quenchéf®, and therefore they showed good stabilizing
properties against photodegradiation of polyolefin.

(iv) Photocatalysts for organic synthesis:

Photochemical reaction of organic compounds cdtalgy
transition metal complexes received a great deattefition in the last 20
years,"™""? Metal chelates complexes have been shown to bane
catalytic effects on photochemical isomerizatiorarrangement and
hydrogenation of olefins and polyolefihés UV-irradiation of 3-chloro-
1-butene, in presence of Cu(OAC)r Cu(acag) induced the
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photoisomerization of the substrate to give 1-amdibutene as shown in
equation (1.25):

CH3—CH—CH=CH, —¥ 5 CH,—CH=CH—

Cl Cl
[X = (OAC), (acac)]

(1.25)

The photochemical oxidation of tetraline (1,2,3&#+dhydronaphthalene)
was catalyzed by Fe(acgéy as shown in equation(1.26)

OH 0
hv(0,)

The results showed that the addition of Fe(acahanced the rate of the
photoinitiated reaction and this effect was morenpunced with
increasing temperature. The effect of Co(lll), @Qo(Fe(ll) and Mn(ll)
chelate complexes on the photochemical oxidation awbmatic
hydrocarbons has also been investigéted

The photochemistry of chelate complex tris(ethytkato)
cobalt(lll), Co(etx) and tris(dietheyldithiocarbamato) Cobalt (lll),
Co(dtck was studied in several organic solvents. Monoclatantight of
wavelength 365nm was used for the irradiation psscat 28C. UV-
visible spectral changes and other observationg Ivadicated an intra
oxidation — reduction reaction occur during the tohais of Co(etx)

and Co(dtg) complexes , with hemolytic scission of Co-S bond .

The quantum vyields (¢ rate of photodecomposition and

reactivity ratio (K/K_,), were determined in each solvent. These values
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were found always to increase as the polarity efsblvent increases and

follow the order™

DMSO < Me < Ac < Py< Be

1.9 Chromium complexes

The photochemistry of chromium coordination compkexin

solution has been well investigatéd

The luminescence of Cr(lll) complexes have beedist[”'®and
a preliminary investigation of the partial photarkegion of some exalato-
complexes of Cr(lll) at room temperature has beebliphed® . The
first investigation of the photochemical behavidr @dhromium (VI)

species was reported by Ef8

The effect of light on aqueous solution of Cr(llasvfirst reported
by Dain and co-workef¥). They found that the absorption of ultraviolet
light (200-350nm) by aqueous solution of CrSfaused the evolution of
hydrogen gas and the formation of equivalent amofichromic ion .In
chromium carbonyls and complexes which contaibonding organic
ligands, the chromium atoms are in low positiveozer low negative
oxidation states, and the photochemistry (as wall the general
chemistry) of these compounds were quite differfeoin that of the

"normal” Werner complexes.

1.9.1 Photochemistry of Some chromium (1) Complex

The classification of the excited states in orgaetatic
compounds as ligand field , charge transfer , ligacentered , and metal
—metal was based on the assumption that moleculatals in these
complexes have very large contribution from eitimeetal or ligand

orbitals®?. Although such classification can be applied teriér — type
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complexes of the first and second row transitiortiaise organometallics
were highly covalent compounds and the "metal-¢edted orbitals have
considerable ligand character. The mixing ligandrahter in the d
orbitals has an important effect on the transiposbabilities: ligand field
transitions have extinction coefficient in the raraf thousands.

In other aspects, the pseudo ligand field statesrgAnometallic
compounds behave in manner that born strong rese@adlto those of
more simple coordination complex&&

In photoreactive transition- metal coordination @bexes, the
population of metal —centered excited states indtlece reorganization of
coordination sphere that were photosolvation, plaatemization, and
photoanation reaction. The dark reaction of thendl ¢ metal ions, such
as Cr(lll), Co(lll), and RN(lll), were slower thathe corresponding
photochemical processes faciliting the photochemisaudies and
interesting experimental information has been olgiwith their acido-
ammine (or amine) complexes. The photochemical temu@rocesses of
Cr(lll) were different from the thermal equatioraction with regard to
the type of ligand labialized and the reaction estehemistry
[Cr(NH3)sX] *ions exhibited two photoprocesses : the photoeguaif
ammonia as in equation(1.27) and the photoequatidhe acido ligand

as in equation(1.28)

Cis-Cr(NH;),(OH) X" + NH, (1.27)
Cr(NHy)s(OH,)*" + X (1.28)
Although the equation of ammonia (equation 1.27gs the largest

yield of the two photoprocesses , equation(1.28)Xofwas the only

thermal reaction observed with these compoundsdiffexence between
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thermal and photochemical reaction can also betitiled with acido-
tetraammine complexes, such as trans-[CHNNCS)CI®*, the thermal
equation(1.29) is for the hydrolysis of chloridaethwretention of the
configuration:

trans-Cr(NH),(NCS)C —— = trans-Cr(NH),(NCS)OH>" + CI (1.29)

The photoequation of Cland SCN took place as shown in
equations (1.30) and (1.31), however, with similgields and

configuration inversioff”

{ cis-Cr(NH)4(OH,)CI** + NCS (1.30)
trans-Cr(NH),(NCS)CIl
Cis-Cr(NHy),(OH,)NCS™ + CI (1.31)

Photolabilization reactions of°dmetal ion complexes , such as
Co(l1),Ph(l.Ir(1) and Ru(lll), have been stued to a large extent and
as a result , there were more information availast®ut these °d
complexes than for any except for thet@nsition metal complex&s.

A number of systematic features in the ligand fiplibtochemistry of
Cr(lll) complexes led to the formulation of empaicrules known as
Adamson's rule$®. The two rules are:

1) Consider the six ligands to lie in pairs at #meds of three
mutually perpendicular axes. The axis with the vesalaverage ligand
field will be the one labialized, and the total gtian yield will be about
that for octahedral complexes of the same averate f

2) For a labialized axis with two different liga)dhe ligand of
greater field strength is preferentially equated.

The application of rule 1 to [Cr(NCI]” (equation 1.27) shows
that equation of ammonia from thgNHCr-NCS axis, that is , the axis
with the weakest average field , must be the dontirdnotoprocess.

Moreover, trans-diacidotetraammines and cis-didetl@ammines, that
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is, CrNXY™ with N,=(en) or (NHs), and X,Y=I,Br,CI',NCS,Ns,
undergo labialization along the X-Cr-Y axis accoglito rule 1. For
trans-[Cr(NH)4(NCS)CI] the photoequation of NC®as a larger yield
than the photoequation of (@quations 1.30 and 1.31) in good agreement
with both rules. The rules have less than geneadility within the
family of Cr(lll) compounds. This is illustrated kthe photochemical
behavior of trance-[Cr(esf]**, were the photoequation of

ethylenediamine was the main photopro€®ss

1.9.2 Photoreactive excited states of Cr(lll) corapés

A typical absorption spectrum of a Cr(lll) compléxaving
practically octahedral microsymmetry is sketchedrigure (1.3). One
could observes two or three weak bands, (Q and Q in order of
decreasing wavelength) with molar extinction caeéints of ~10 ~ 100
and half widths of ~ 1500 to ~ 2000¢mIn most cases, the band @as
covered by the tail of very intense bands whoseimax was often
inaccessible. In addition, in the range of 650 8 i (i.e. on the long —
wavelength tail of bandQthere occurred a very sharp and weak band, D,
with molar extinction coefficient ~1 and half-widtfi~100 to~200 ci
This band usually exhibited a vibrational strucfiite

The attribution of the bands D,;Q and Q can be given using
the ligand field theory. The system of energy levdbr the d

configuration in octahedral symmetry is shown igufe (1.4).
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Figure (1.3): Absorption spectrum of a Cr (lll) aoplex having
practically octahedral microsymmetfy/.
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Figure (1.4): Energy levels for the’configuration in octahedral
symmetr{F".
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The ground state was a quartet stéﬁqu which corresponds, in
the strong — field parentage, to the one elecd:lumn‘iguration3t2g ; the
one-electron configurations of the lower exciteatest are shown on the
right — hand side the figure.

Band D corresponds to the transition from the aiatound state
Ay to the lowest doublet staté&, and*T,g which in a pure octahedral
field and in the absence of spin-orbit interactians degenerat®”. This
transition was characterized by the following featu First, it was parity
— as well as spin — forbidden, so that the cornedpg band must be very
weak; second, it consisted in a spin pairing wittiie non-bonding,,
sub-shell: therefore, thé&E, excited state must have almost the same
metal-ligand bond distances as the ground statelarg] the absorption
band was very sharp; third. The energy differenegvben thezEg and
4Azg levels is independent of the ligand field paramateand thus, the
position of the band was relatively insensitiveite type of ligand.

The bands QQ, and Q correspond to the parity-forbidden spin-
allowed transitions from the ground state to theitex quartet stateq,,

, “Tiy(F) and *“Ty(P), respectively (Figure 1.3). These transitions
consisted in electron promotions from the non-bogdor slightly
antibondingt,y orbitals to thes-antibondinge, orbitals; therefore, the
equilibrium distances in the excited states wergdathan those in the
ground state and thus, the corresponding absorjigomls were broad.
The actual spectral positions of the quartet —gudrdnds depend on the
type of ligand since thenergy differences between the quartet excited
states and the ground state depended on the lfgdddtrength.

In the case of complexes of symmetry lower th@p the
octahedral states split and the corresponding barelexpected to split.
In many cases, however, the splitting cannot beadlgtobserved. In the
Cr(NH;)sX*" complexes (X=Br ,l) , the Qband splits , while the ne
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did not®®9) |n the trans-[Cr(erX]?* complexes (X=0OH,D, F, Cl ,Br

1) , one band was clearly resolved , while onlyildefined shoulder
was generally observed in the other b&id%. In cis-[Cr(en)X;]**, no
splitting could be observ€® . Predications and explanations of the
splittings have been given by various autf6r§°? using ligand field or
molecular orbital models, the state designatiomsrgiabove could not be
apply to non-O,, complexes , although they were often used in ggner
sense.

While the ligand field band of Cr(lll) complexes ea been
extensively investigated , scarce information edstoncerning their
charge transfer bands. Besides the more commamndig—> g, imetal))
transitions, the occurrence of vacancies in theetaitit, orbitals would
make (ligand—>tg(metal)) transitions possible. Except for a syst#ma
shift to shorter wavelength, the charge transfemdba of the
halophentannine chromium (lll) complexes were notailable.
According to Orgé!® , which was suggested that in the chromic
complexes the ) orbitals were not used in the lowest LMCT transi$ ,
presumably because the energy required for spnmpaof the electrons
in thet,y orbitals more than balance the extra energy obdayeputting
an electron in one of the stable orbitals. This e@ssistent with the fact
that chromous complexes were usually spin-free. afss alternative
explanation, the observed bands correspond to iti@ms to thety,
orbitals, while the transitions to the high-enesgyrbitals lie in the far
ultraviolet.

The values of optical electronegativity given loygense®® were
1.8 and 1.0-1.3 for thig, ande, orbitals, respectively, compared with the
value 1.6-1.9 given for the cobalt(k)orbitals.
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1.10 Aim of The Present Work

The photochemistry of metal chelate complexes hatteacted

considerable attention in the last three decadedecause of their
interesting applications in the photoinitiationvafiyl polymerization and
photocross-linking®, the photostabilization of polyofines and
photoinduced degradation of polym&¥s the photochemical storage of
solar energy as in water splitting pro¢&8snd photofixation of carbon
dioxide®”.

In the present work we prepared tris(alkylxanthetocymium(lil) and
intended to study the photochemistry of these cewrgd in dimethyl

sulfoxide.

These complexes might be useful in many applinatidvioreover,
metal chelate with metals at high oxidation stade active in the
enhancement of photodegradation of plastic ancktbes, might serve as
photocatalyst to treat the plastic waste pollupooblem’.

The effect of number of methyl group in these ptaxes has been

also studied.

This work also deals with the photochemical reactiand
determination of quantum vyields and reactivity aati of the
photodecomposition processes of the different cergd in DMSO.

Spectroscopic methods have been used for thedaliam of the
photochemical reactions, and determination of tk@ntum yields of the

photochemical decomposition processes.
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Chapter Two

Experimental

2.1 Chemicals

Experimental

The chemicals in this work were used, without amythier

purification. The chemicals are listed in Tablelj2along with their

suppliers and purities:

Table (2.1): Chemicals and thesuppliersand purity

Chemicals Company Purity
Chromium chloride anhydride BDH A. R. Grade
Carbon disulfide BDH 99.9%
Potassium hydroxide BDH 98.9%
Methanol BDH 99.9%
Ethanol BDH 99.9%
Isopropanol BDH 99.9%
Butanol BDH 99.9%
Hexanol BDH 97.9%
Dimethyl Sulphoxide BDH 97.9%
Petroleum Ether Fluka 99.9%
Hydrogen peroxide BDH 97.9%
Sulfuric acid BDH 96%
Ferrous Sulfate BDH A. R. Grade

Y4



Chapter Two Experimental
Chemicals Company Purity
1,10-phenanthroline BDH A. R. Grade
Hydroxyl ammonium chloride BDH A. R. Grade
Sodium acetate BDH A. R. Grade

2.2 Instruments used

a) Fourier transforms Infrared spectroscopy (FTIR)

The FTIR spectra in the range (500-4000) or (25003@ni" cut

were recorded as KBr and / or Csl discs on Shim&pactrophotometer

FTIR model 8300 (Japan).

b) Ultraviolet —Visible Spectroscopy (UV)

The UV-Visible spectra were measured using Shimddy¥tVIS
model 1650PC A-Ultraviolet Spectrophotometer in thege (200-900)

nm (Japan).

c) Magnetic Susceptibility Measurements

The magnetic susceptibility values of the prepa@uplexes were

obtained at room temperature using Magnetic Sudxkgyt Balance of

Bruke Magnet B.M.6 (England).

d) Melting Points

Stuart Scientific melting point apparatus was ugedeasure the

melting points of all the prepared compounds (U.K.)
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e) The Photolysis Apparatus

The photolysis apparatus ( lwasaki Electric Cod.lLtwas used for
irradiation of all prepared complexes(Japan).

f) Atomic absorption measurements

Atomic absorption measurements of the prepared Bx®ep were
obtained at 2% using Atomic absorption apparatus of Shimadzwc680
flame (Japan).

g) Conductivity measurements

The molar conductivity values of the prepared caxes were obtained

by using conductivity apparatus

2.3 Preparations of materials

2.3.1 Preparation of potassium methyl xanthate (PMX

PMX was prepared according to the method descrilyetalik
and coworker§®. A 0.25 mole of potassium hydroxide was added.2o 0

mole of absolute methanol. The mixture was stifoedhree minutes.

The reaction mixture was led to settle. The urtesh@otassium
hydroxide was removed by decanting. A 0.2 moleaobon disulfide was
added gradually to the solution with cooling anidrisly in an ice bath.
The yellow pasty product was washed with petrolather, filtered and
dried at room temperature for 24 hours to get yalb crystals(yield
1.5021g ). The melting point, FTIR spectrum, Magn&usceptibility
and UV-Visible spectrum were measured .

The same procedure was used to prepare potasdiyhxahthate
(PEX) (yield 3.5109), potassium isopropyl xanth@eX) (yield 4.103g),

)
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potassium butyl xanthate (PBX) (yield 1.0499g )gmatassium hexyl
xanthate(PHX) (yield 1.031g ) using the appropratohol.

2.3.2 Preparation of tris(metylxanthato) chromium L)
complex , Cr(mex)

Il
It was not possible to prepare tB@&(mex)complex to compare its

]
spectrum to that oCr(mex) after irradiation, because Cr (ll) is readily

oxidized to Cr (lll) during complexation. Ligand®rdaining the CS
moiety are known to form stable Cr (lll) complexa®d generally the Cr

(1) complexes, if formed are difficult to isoldf&

Cr(mex}.3H,O was prepared using method described by Al-
Kassal’” as follows . To 5 ml of a methanolic solution oDD.mole
CrCl.6H,O, a 0.03 mole of potassium methyl xanthate (di&sblin
small amount of methanol) was added. This mixtues stirred until a
deep green as in crystalline solid was obtainede Pnoduct was
crystallized from a mixture of petroleum ether. Thecrystallized
material dried at room temperature for 24 hoursyield deep green

crystals of Cr(mex)(yield 0.7247q).

The above method was used to prepare the followorgplexes,

however they gave different colored crystals.
- Tris (ethylxanthato) chromium (llI) complexXCr(etx) (yield 1.150g ).

- Tris (isopropylxanthato) chromium (lll) complex r({@rx)s (yield
0.3549)

- Tris (butylxanthato) chromium (lll) complex ®t(x); (yield 0.2670g ).

- Tris (hexylxanthato) chromium (Ill) complex @Gex) (yield 0.189g ).

AR



Chapter Two Experimental

2.4 The Photolysis Apparatus

The photolysis apparatus used in this work showfigsrre (2.1a).
The apparatus is consisted of high pressure meramp (1000 W.
Iwasaki Electric Co., Ltd., Japan) and collectingadz lens. The lamp
was installed in a fixed vertical position, whileetlens was adjusted to
produce efficiently parallel beams of light. Thghit was passed through
a glass filter. This filter had been calibratedhniite aid of Perkin Elmer
1301 UV-visible double beam spectrophotometer.iCalion has shown
that the transmitted light was predominately in alamgth range (230-
400 nm). The transmitted spectrum of the filteshewn in Figure (2.1b).

The distilled water bath was kept at room tempeeatu

Ermersion
Thermostat
o
A
Sample %
7 T
Y 2 |
HylL 11 z -
amp -
light source ,! Z > o
| 7 -
T Z A
Quarz Lens Glass j
Fitter
YWyater Fath

Cluartz Cell

(a) Photolysis apparatus
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(b) % transmentens spectrum for filter used

Figure (2.1): (a) Photolysis apparatus set up arg) Filter
transmittance spectrum

2.5 Incident light intensity measurement

The intensity of the incident lightofl was measured by the use of
potassium ferrioxalate actinometer method as des¢ipy Hatchared and
Parker®®.

The actinometer solution ¥80° mol/l) was prepared by dissolving
(3 gm.) of KFe(GO,)3.3H,O in 800 ml of distilled water. A 100 ml of 1
N of H,SO, solution was added and the whole solution wagetiltio one
letter with distilled water. The actionmeter sabutiabsorbs 100% of the

incident light atA = 311 nm.
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The light intensity measurement involves irradiati of the
actinometer solution for a known period of time 8ates. Ferrous ion
concentration was estimated spectrophotometricallging 1,10-
phenanthroline (0.1 %) as complexing agent. Aceydo Hatchard and
Parker ferric ion is reduced to ferrouse ion *{F& - F&*) using

hydroxyl ammine solution reagent.

A phenanthroline complex is formed with ?Fevhich strongly
absorbs at 510 nm. For ¥dormation, the quantum yield was known to
be equal to 1.2%.

The intensity of incident light {J was calculated according to the
following method®®. A 3 ml of actionmeter solution was irradiated ie th
irradiation cell. A stream of nitrogen bubbles I tsolution was used to

remove the dissolved oxygen gas.

After illumination, a 1 ml of irradiation solutiowas transferred to
25 ml volumetric flask, 0.4ml of hydroxyl ammoniwhloride solution, 2
ml of 1, 10-phenathroline solution and 0.5 ml offfeu solution were
added to the flask, and then diluted to 25 ml wdistilled water. Blank
solution was made by mixing 1 ml of unirradiateckiure solution with
other components. The solution was left in dark30rmins. and then
optical density (ah = 510nm) was measured. The intensity of incident

light was then calculated using the relationsfipin equation (2.1)

below:
|, =V XN pingtien fsedt, (2.1)
@ x& le xtxd
Where:

lo = Incident light (Einstien't.sec)
A = Absorbance at\(= 510nm)

\, = Final volume (25 ml)
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@ = Quantum yield=1.21

€ = Molar extension coefficient (slope of the calilbwatcurve),
V1 = Volume taken from irradiated solution (1 ml)

t=Irradiation time in second

Na= Avogadro's number

d=Thickness of the cuvette(1cm)

The cell was irradiated in the same position uledirradiated
samples. A calibration curve for ¥avas obtained using the following

solutions:
1- 4x10* mol/L of FeSQin 0.1 N HSO,.
2- 0.1 % w/v phenanthroline monohydrate in water.

3- Hydroxyl ammonium chloride solution was prepareddissolving

10g of hydroxyl ammonium chloride in 100ml of water

4- Buffer solution was prepared from mixing 600 ml1¥ sodium
acetate with 360 ml. 1 N430O, diluted to 1 litter.

Solutions of different concentrations of’Féranged from 5.0 x
10°- 1 x 10" M) were prepared from solution (1) by taking different
amounts in 25 ml volumetric flask, and each of tbkowings were
added:

(a) a 0.4ml of hydroxyl ammonium chloride (b) am? Phenanthroline
solution, (c) a 5 ml of buffer solution, (d) a ONLH,SO, to make the
volume equal to 10 ml, diluting the whole solutisith distilled water.

The volumetric flask was covered with aluminum faihd was kept in a
dark for 30 minutes before the optical densities\at 510 nm were
measured. A blank solution was used as a referevigeh contained all

ingredients except the ferrous ion solution.

1
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The plot of optical density versus ferrous ion @amtration was a
straight line as shown in Figure (2.2) . The slopé¢he line represents
the extinction coefficient of FeSOsolution which was equal to
(e=1.102%10" mol*.L.cm’. This value is in good agreement with that

reported by Hatchared and Parkgr

0.8 —

0g —

Absorbance

0.4 — *

0.2 —

b0 :

I ' I ' I ' I ' I
0.0000E+D  2.0000E-5 4.0000E-5 B.0000E-S 2.0000E-4 1.0000 E-4
Concentration {mol.f)

Figure (2.2): Calibration curve for Fe(ll) complexat 510 nm.

2.6_The photodecomposition rate of complexes using
Ultraviolet —Visible spectrophotometer

The absorption spectrum of each ligand and its ¢exnpvas

measured in the range of (200-600) nm. Rhg, of each complex was

v
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recorded .The photodecomposition of the complexe&,a. at room
temperature in the proper solvent was followed witie using a covered
quartz uv-cell of 1cm bath length. A known concatitm of complex
solution in the proper solvent was introduced ie tell after degassing
by nitrogen for 20 minutes. The cell was closedhttig and the
absorbance was recorded. Pure DMSO solvent wasassadeference in
order to study the kinetic of photodecay of thdeddnt complexes. The
absorbance at infinite time (A was measured after the solution was
irradiated for at least 10 half live of complex dewosition (more than
50 hours). The specific rate constant of the deasiipn of the complex

(Kq) was determined by the following first order edomt’™"
In(a- x)=1n a - Kyt (2.2)
Where:

a= Concentration of complex before irradiation.
x = Concentration of complex afterttime of irradiation.
t = Time of irradiation of complex solution.
Ao = Absorbance of complex before irradiation.
A = Absorbance of complex after irradiation time
e = Molar extension coefficient
a=(Ao-Auyle, X=(Ao-Ayle, a-x=(Ai-Ayle.

By substitution of a and a - x in equation (2.2)l @earrangement
In (A+As) =In(Ap- As) - Kgt (2.3)

Thus a plot of In |A- A,| versus irradiation time (t) gives a line

with a slope equal to XS

The rate of photodecomposition jjRwas calculated for each

complex using the following equatiéf :

YA
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R= Kq x [concentration of complex]

2.7 Decomposition Quantum yields )

For determination of the quantum yield, reactiarescarried out in
closed quartz uv-cell of 1cm bath length so thatghantum input could
be measured precisely; the absorbance measuretiebyethnique as
described below.

A knowledge of the incident light intensity (detened by
actinometry using the method of Hatchard and Paékerand the
extinction coefficient of the compound enable thamtum input(yy to
be calculated .

The quantum yield of photodecompositiony @@ defined by:

Rate of photodecomposition

Qq =

Quantum input
for each complexes using the following equatiod) &>

Qu= Kgx [conc.] / kps 4P.

The quantum yield was plotted against the numballofl group

of each complex.

The reactivity ratio (B (K./K.) was also calculated for each

complex using the following equati&rY:

R =Qy/1-Q

A
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Chapter Three

Results T Discussion

3.1 Preparation of ligands

Potassium methyl xanthate, potassium ethyl xaethadtassium
isopropyl xanthate, potassium butyl xanthate, amdagsium hexyl
xanthate ligands were prepared according to thenidaé reaction as

shown in equation (3.1)

/S
ROH + C$ + KOH —cebatly ROC/ + HO (3.1)

SK
Where: R = CI‘!;', CzH5', Q3H7', C4H9', or C5H13'

The reaction was one to one (1:1) stoichiometryefcess of KOH

solution was added to ensure complete reaction.

3.2 Preparation of complexes

Tris(methylxanthato)chromium(lll),tris(etlkgnthato)chromium(lil),
tris(isopropylxanthato)chromium(lll),  tris(butylxdrato)chromium(lll),
and tris(hexylxanthato)chromium(lll) complexes werepared according

to the chemical reaction as shown in equation (3.2)

3ROC /+ Cr Ck .6 HLO—= (ROCS),C S>C—OR + 3KCl + 6H,0 (3.2)
K s/

The stoichiometry of the above reaction was 3: thwespect to

ligand and metal salt, respectively
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3.3 Physical properties of prepared ligands and
complexes

Table (3.1) lists some of the physical propertiebgands and their

complexes.

Table (3.1): Some physical properties of the pregétigands and

complexes
Compound Color Melting point°C | M calc.% | M found %
PMX Yellow 215-218 - -
Cr(mex) Deep green >300* 2.53 3.84
PEX Light brown 108-110 - -
Cr(etx)s Greenish blue >300 3.27 4.20
PPX Yellowish white 208-210 - -
Cr(prx)s Light blue >300 6.51 7.32
PBX Yellowish white 198-200 - -
Cr(bux)s Light blue >300 5.34 6.13
PHX Yellowish white 210-212 - -
Cr(hex) Light grey >300 4.88 5.10

* didn’t melts below 300C

The color of these ligands was all yellow but wdifferent levels.

The color of the prepared complexes has ranged ffeep green to light

grey. The melting points of the ligands were ranfean 108 to 218.

However, the melting points of the complexes haeenot recorded

because they did not melt below 3@ The data of metal were obtained

€Y
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using flame atomic absorption technique. The catcuh values were in a

good agreement with the experimental values.

3.4 Magnetic susceptibility and molar conductivity

measurements

The Experimental magnetic moment for each compdelksted in
Table (3.2). Magnetic measurements are commonlyl usestudying
transition metal complexé&™. The magnetic properties are due to the
presence of unpaired electrons in the partiallgdild-orbital in the outer
shell of that element. Theses magnetic measurengérgsan idea about
the electronic state of the metal ion in the comple

The resultant magnetic moment of an ion is dueoth lorbital and
spin motion“®”.  The magnetic moment is given by the following

equation*%?*

Us+L =4/4S(S+1) +L(L+1) B.M
u = Magnetic moment
S = Spin quantum number

L = Orbital quantum number
B.M. =927 x1G*J. T*

Although detailed determination of the electronrtisture requires
consideration of the orbital moment. However, farstncomplexes of the
first transition series the spin — only moment uéfisient, if the orbital

contribution is smalf'®®, therefore:

1A
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Hs= +/4S(S+1) B.M.,

or
Us= +n(n+2) B.M.
S =n(1/2)

S= Spin multiplicity

n = Number of unpaired electrons.

The value of magnetic susceptibility of the pregactemplexes at
room temperatures was calculated using the follgwquation:
Hs = V/Xu xT
Xa=Xm+D
Xm= Xq. Mwt
Where:
Xa = Atomic Susceptibility
Xm = Molar Susceptibility (corrected)
Xy = Mass Susceptibility
Mwt = Molecular weight of complex
D = Diamagnetic correction factor x10
T = Temperature in Kelvi’C + 273)

B. M = Magnetic moment unit (Bohr magneton)

The observed magnetic moments for the prepared II)Cr(l
complexes is shown in Table (3.2). Theses valuesyaical of high spin
octahedral complexes of Cr(Iff}¥. These values were in a good
agreement with that given by Kazzer et al. for@méetx) which has been
reported to be 4.18 B.M. However, the value fofnt&x)y was reported
to be 3.89 B.M“% compared to our value of 4.20. The values of the

molar conductivity measurements in DMSO solver®H€ in Table (3.2)

¢y
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showed, that tris(alkylxanthato)chromium (lll) coleyes were non-

electrolyte

Table (3.2): Magnetic Moment and molar conductiyitMeasurements

of complexes

Magnetic Moment| Molar conductivity Suggested

complex 1 o 1
(B.M) Ohm~cmmol Structure

Cr(mex} 4.20 18 octahedral
Cr(etx} 4.18 17 octahedral
Cr(prx) 4.15 10 octahedral
Cr(bux) 4.12 16 octahedral
Cr(hex} 4.16 13 octahedral

3.5 FTIR Spectra for ligands and their complexes

The FTIR spectra of the prepared potassium algghids and their
chromium complexes are shown in Figures (3.1-3fb@)comparison.
The FTIR spectra of the chromium complexes wereamboth KBr and
Csl discs. This is because the absorption bardsv00cni" were weak
with Csl disc due to high absorption bands abov@cBt as shown in
Figures 3.2, 3.4, 3.6, 3.8, and 3.10, (a) and ¢b)xiBr and Csl discs ,

respectively .

The main absorption bands for both ligands and ttenplexes are
listed in Table (3.3).

The absorption bands observed at (1155-1188) dmthe
spectra of free xanthate ligands were may be asgitpv(O-C-O) . This
bands have shifted to higher values of (1226-128%) dor chromium (111)

123
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complexes which range from (44-81¢mindicating some involvement of
oxygen of (C-O-C) in bonding with metat&®,

The bands at (1042-1065¢)rin the spectra of xanthate ligands
can be assigned to (C-S) stretching frequenciegshénspectra of all
complexes, theses bands shifted to lower frequen@aged from (7-
24cm?) to give absorption bands for the complexes inrtrege (1032-
1050 cni') suggesting that sulphur is involved in bondinght® metal ion,
this is in agreement with previous earlier assigmi&®. Furthermore, the
occurrence of this single band duev&-S) in all xanthate complexes

showed the uninegetive bidentate behavior of timéhede ligandS°”.

The bands at (1105-1145 ¢min the spectra of xanthate ligands
can be assigned tdC=S). The absorption bands of thWg&€=S) for the
PMX was 1105cii compared to 1145ctfor PHX which indicated a
large shift from methyl to hexyl group in the ligen. This is in agreement
with that reported previousf{’®. This has been attributed to the greater
electron - releasing tendency o f the hexyl parad to the methyl
group(108)

frequency of (1117-1190cH, which represented a shift to longer

. In the spectra of all complexes, theses bandiegho higher

frequency of as much as 62 ¢m

The FTIR spectra of the complexes have shown rewd®in the
range of (347-352ci) for all complexes as listed in Table (3.3). These

bands were assigned to (Cr-S) stretching vibr&tfon'®

¢0
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Figure (3.2): FTIR spectrum for tris (methylxanth@a) chromium (l11)
complex using (a) KBr (b) Csl discs.
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Figure (3.4): FTIR spectrum for tris(ethylxanthatahromium(lll)
complex using (a) KBr (b) Csl discs.
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Figure (3.6): FTIR spectrum for tris(isopropylxaiato)chromium(lil)
complex using (a) KBr (b) Csl discs.

o)



Chapter Three Resultsel Discussion

oY



Chapter Three Resultsel Discussion

el dlyigudibge

ITER AT IIIIIII]! LLiuliiLd

BE.0
%I
axy
s
o5
an
s
0.0
=0
-
;A
0.0

INFNRNEFY RNN

jrapdamenlmatnd

LitmiipLs

ppet

EEE B EEL B Eni

(b)

Figure (3.8): FTIR spectrum for tris(butylxanthatgchromium(lil)
complex using (a) KBr (b) Csl discs.
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Figure (3.10): FTIR spectrum for tris(hexylxantha)chromium(lil)
complex using (a) KBr (b) Csl discs.
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Table (3.3): Infrared bands of xanthate ligandsd their complexes

Compounds | v(C-O-C)em*| v(C-S)cnit | v(C=S) cnt | v(Cr-S) cni'
PMX 1188 1045 1105 *
Cr(mex) 1238 1038 1167 347
PEX 1165 1042 1113 *
Cr(etx)s 1246 1032 1117 349
PPX 1155 1065 1123 *
Cr(prx)s 1227 1041 1141 347
PBX 1184 1055 1136 *
Cr(bux)s 1250 1047 1180 352
PHX 1182 1062 1145 *
Cr(hex)s 1226 1050 1190 347

* Not found

3.6 Ultraviolet —Visible Spectroscopy

The ultraviolet-visible absorption spectra of petam alkyl
xanthate (PAX) ligands in DMSO were recorded anowshin Figures
(3.11a-3.16a). A maximum absorption wavelengthsewebserved at
(450-486nm) of moderate absorbance and off-scaid labsorbance
reading below 400nm. These transitions may bebated to n—7*, and
n —n* electronic transition respectively. The absorbescof these
transitions were employed to follow the decompositof the complex.
Although, the = —»xt* transition which occur at shorter wavelength,

below 400nm, with very high absorbance reading,tiiee reason it was

o1
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difficult to follow any decrease in the absorbandéerefore, the
decomposition reaction was followed using-#r* electronic transitions.
The absorption spectra of tris(alkylxanthatdroenium (l11)
complexes have shown different absorption wavelefigtm that of the
free ligand as shown in Figures (3.1b-3.16b). Thesamplexes
absorbance wavelengths were shifted to differenteleamgths than the
corresponding bonds in their ligands, which app@&arhe wavelength
range between 310 to 620nm. These values arel listdable (3.4).

These blue shift may be attributed to the fornmatiof
chromium(lll) complex which was in agreement wite tcolor of the
resultant prepared complexes as shown in Table &hd their FTIR
spectra.

The ligand field electronic transitions between thetal d orbitals
appear in Cr(lll) bands located in the visible g for
tris(alkylxanthato)chromium(lll) complexes at (5820nm) assigned to
the transition'A,g(F) — “T.g(F) and (442-460 nm) assigned to the
transition*A,g(F)— “T:g(F) and (310-312nmiA.g(F)_, “T-g(P). These

transitions are showed in Table (3.4).
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Figure (3. 11): The ultraviolet visible spectrunfor a) potassium methyl
xanthate and b) tris(@hylxanthato)Chromium (111)
complex.
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Figure (3. 12): The ultraviolet visible spectrunfor a) potassium ethyl
xanthate and b) trisfgylxanthato)Chromium (lII)

complex.
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Figure (3. 13): The ultraviolet visible spectrunfor a) potassium propyl
xanthate and b) tris@propylxanthato)Chromium (111)
complex.
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Figure (3. 14): The ultraviolet visible spectrunfor a) potassium butyl
xanthate and b) tris(ityllxanthato)Chromium (111)

complex.
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Figure (3. 15): The ultraviolet visible spectrunfor a) potassium hexyl

xanthate and b) tris@xylxanthato)Chromium (111)
complex.
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Table (3.4): Absorption wavelengths of the prepaidegands and

their complexes

Ligand wavelength _ »
Assigned transition
complex nm(cm?)
PMX 472(21186) n— *
590(16949) “"A2g(F)— “T1g(F)
Cr(mex) 455(21978) *A,g(F)— “T1g(F)
311(32154) ‘A,g(F)—*T.g(P)
PEX 478(20921) n— n*
576(17361) “"A2g(F)— “T1g(F)
Cr(etx)s 450(22222) *A,g(F)— “T1g(F)
312(32051) ‘A9(F)—Tg(P)
PPX 486(20576) n—n*
615(16260) *Ag(F)— “T1g(F)
Cr(pro)s 445(22472) *A2g(F)— “T1g(F)
310(32258) *A9(F)—*T9(P)
PBX 481(20790) N 1*
603(16584) "A.9(F)— “T.g(F)
Cr(bux); 460(21739) *A,g(F)— *“T.g(F)
312(32051) “A,g(F)—*Tg(P)
PHX 465(21505) n—n*
620(16129) "Azg(F)— "T1g(F)
Cr(hex) 442(22624) "A9(F)— “T1g(F)
310(32258) ‘A9(F)—T9(P)
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3.7 Photodecomposition of tris(alkylxanthato )chroumm

(111) complexes

The primary concern was to follow the spectral gemnwhich
occurred on irradiation of Cr(Axhelate complex in DMSO. UV-visible
spectral techniques and FTIR identification methagse used to follow
the photodecomposition reaction. The uv-visiblecté technique was
also used to determine the rate of photodecompaosiif the chelate

complexes.

3.8 Spectrophotometeric measurements

On irradiation of %10°> mol/l Cr(Ax); in DMSO at room
temperature, the complex absorption spectrum clsangéh the
irradiation time. A decrease in the absorbancensitg was observed at
wavelength of its maximum absorbencies as showngares (3.16-3.20)
for (n—7t*) transitions in all prepared complexes. Table)3ists the
changes in absorbance(Aralues with the irradiation time. From these
changes in absorbance values during irradiatioe, ayuld say that the

intra oxidation-reduction reaction occurs with hdytic scission of Cr-S

Il
bond andCr(Ax), was formed.
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Figure (3.16): Uv-visible spectral changes in thbsorbance of Cr(mey)
during irradiation; (1) Before irrad. (zero time)2) After 15 min. (3)
After 30 min. (4) After 45 min. (5) After 60 minrrad. measured
at A, =311nm. at room temperature.
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Figure(3.17 ): Uv-visible spectral changes in thbsorbance of Cr(etx)
during irradiation; (1) Before irrad. (zero time) (2) After 15 min. (3)
After 30 min. (4) After 45 min. (5) After 60 minrrad. measured
at A, =311nm. at room temperature.
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Fig.(3.18): Uv-visible spectral changes in the alpsance of Cr(prxy during
irradiation; (1) Before irrad. (zero time) (2) After 15 min. (3) After
30 min. (4) After 45 min. (5) After 60 min. irradmeasured at;,.
=311nm. at room temperature.
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Figure (3.19): Uv-visible spectral changes in thbsorbance of Cr(bux)
during irradiation; (1) Before irrad. (zero time) (2) After 15 min. (3)
After 30 min. (4) After 45 min. (5) After 60 minrrad. measured
at A, =311nm. at room temperature.
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Figure (3.20): Uv-visible spectral changes in thbsorbance of Cr(hex)
during irradiation; (1) Before irrad. (zero time) (2) After 15 min. (3)
After 30 min. (4) After 45 min. (5) After 60 minrrad. measured
at A, =311nm. at room temperature.

Table (3.5): Variation of absorbance with irradi@in time of the

complexes

Absorbance a#d;, =311+1nm for

Irradiation time (sec.) " Crietxs | Cronds | Cribux) | Crihex

0 1205 | 1.037 | 0814] 0632  0.45

900 1134 | 0978 | 0.786] 0616] _ 0.449

1800 1.060 | 00930 | 0.741] 0601 0441

2700 1011 | 0897 | 0.717| 0589  0.433

3600 0950 | 0854] 0687] 0580 0425

4500 0013 | 0818| 0657] 0569 0418

5400 0868 | 0.783| 0630] 0558 0412
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The absorbencies at infinite irradiation [JAof each compound
were measured after a period of more than 50 h&ash absorbance was
subtracted from (4 as listed in Tables (3.6 - 3.10). The natural tiigen
of each value was taken. To convert the negatiheegaof the resulting
logarithm, one was added to each value.

Table (3.6): Natural logarithm of absorbance witlradiation time of

Cr(mex)
Irradiation time(sec.) A (Ac-AL) INn(A-A,) | 1+In (A+-A.)

0 1.205 0.897 -0.109 0.891
900 1.134 0.828 -0.191 0.809
1800 1.060 "0.752 -0.285 0.715
2700 1.011 0.703 -0.352 0.648
3600 0.959 0.651 -0.429 0.570
4500 0.913 0.605 -0.503 0.497

5400 0.868 0.560 -0.579 0.420

A, = Absorbance at infinite time = 0.308

Table (3.7): Natural logarithm of absorbance witlradiation time of

Cr(etx)s
Irradiation time(sec.) Ay (A¢-AL) IN(A-A) | 1+In (A-AL)

0 1.037 0.771 -0.260 0.740

900 0.978 0.712 -0.339 0.660

1800 0.930 0.664 -0.409 0.590

2700 0.897 0.631 -0.460 0.540

3600 0.854 0.588 -0.531 0.469

4500 0.818 0.552 -0.594 0.406

5400 0.783 0.517 -0.659 0.340

A, = Absorbance at infinite time = 0.266

TA
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Table (3.8): Natural logarithm of absorbance witlradiation time of

Cr(prx)s

Irradiation time(sec.) A (Ac-A) N(ArA) | 1+In (AcAs)
0 0.814 0.604 -0.540 0.496

900 0.786 0.576 -0.551 0.448

1800 0.741 0.531 -0.633 0.367

2700 0.717 0.507 -0.679 0.320

3600 0.687 0.477 -0.740 0.260

4500 0.657 0.447 -0.805 0.195

5400 0.630 0.460 -0.867 0.133

A., = Absorbance at infinite time = 0.210

Table (3.9): Natural logarithm of absorbance witlradiation time of

Cr(bux)s
Irradiation time(sec.) A (At-AL) IN(A-A,) | 1+In (A-AL)

0 0.632 0.480 -0.734 0.266

900 0.616 0.464 -0.768 0.233

1800 0.601 0.449 -0.800 0.200

2700 0.589 0.437 -0.828 0.172

3600 0.580 0.426 -0.849 0.151

4500 0.569 0.417 -0.875 0.125

5400 0.558 0.406 -0.901 0.098

A, = Absorbance at infinite time = 0.152
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Table (3.10): Natural logarithm of absorbance wittradiation time of

Cr(hex)
Irradiation time(sec.) A (At-As) IN(A+-A.) | 1+In (A-AL)
0 0.459 0.425 -0.855 0.144
900 0.449 0.415 -0.879 0.120
1800 0.441 0.407 -0.898 0.101
2700 0.433 0.399 -0.919 0.081
3600 0.425 0.391 -0.939 0.061
4500 0.418 0.384 -0.957 0.043
5400 0.412 0.376 -0.973 0.027
A., = Absorbance at infinite time = 0.034

These values were then plotted against irradidtroe, as shown
in Figures (3.21-3.25). The slopes of these plefmasent the inverse
photodecomposition rate constant()kof each complex .
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v= -8 700E-05x + 8 84E-01
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Figure (3.21): Plot of natural logarithm of absdrance against
irradiation time for Cr(mex}
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Figure (3.22:) Plot of natural logarithm of absdyance against
irradiation time for Cr(etx}.
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Figure (3.23): Plot of natural logarithm of absdyance against
irradiation time for Cr(prx)s.
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Figure (3.24:) Plot of natural logarithm of absdwance against
irradiation time for Cr(bux).
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Figure (3.25): Plot of natural logarithm of absodnce against
irradiation time for Cr(hex} .
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3.9 Kinetic of the photodecomposition reactions nsi

uv-visible spectrophotemetric measurements

The change in the uv-visible absorptions speatirand irradiation
were monitored through the photolysis experimeniiee decay of
tris(alkylxanthato)chromium(lll) complexes durindhet irradiation at
311+1 nm, was followed by the change in the chelaacentration
spectrophotometrically. In order to determine theater of
photodecomposition of Cr(Ax)complexes. From this change, it was
found that the value of (AA.) decreased exponentially with irradiation
time corresponding to the first order chelate dgmuosition and was

consistent with first order reaction.

At wavelength 311 +1 nm , the value of-},| decreased
exponentially with irradiation time as summarizedrigure(3.26) for the
variation of 1+In(A-A.) with irradiation time (t) of Cr(Ax) complexes.
The straight lines are consistent with the firstesrchelate decomposition
processes. Therefore, from the slopes of thesmglstiines, the values of
specific rate constants {Kwere evaluated. Using the value ofg\Kthe
rate of photodecomposition were calculated (Rakg [Concentration of

Cr(Ax)3] ) and the quantum vyield of this process is deduce

\a
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Hn(A - A)

CH1m1est)s
Crietcy,
) Cripr)z
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complexes

Figure (3.26): Variation of natural plot logarithmof absorbance with
irradiation time of theCr(Ax); complexes in DMSOA;, =
311+1 nm. at room temperature).

The following kinetic equilibri&™ might be followed for the reactions in
equation (3.1) of scheme (3.1) :

d[Cr(Rx)4]*
dt

=laps— K_1 [Cr(RX)s]* (3.3)
Where lysis absorbed intensity radiation, &nd s of DMSO were
calculated using equation (2.1) and found to beaktp 1.3891x 10

Ein.[*.S+ and 5.114x 10 Ein.I.S?, respectively. These values were

used in the calculation of the quantum yield acowydo equation (3.4):

Qq = rate of photodecomposition 4,4 (3.4)

A&
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Since the rate of excited state decomposition canexpressed as in

equation (3.5) is:

d[Cr(Rx)4]*
dt

=lapbsK2 [Cr(RX)g]* — K 1 [Cr(RX)3]* (3.5)
Assuming that the [Cr(R¥) excited state concentration is fixed, then:

* _ Iabs
[Cr(RX)3]* = Kk, (3.6)

The value of excited state concentration, [CrgRx)in equation (3.6) is

substituted in equation (3.3), one can get:

d[Cr(Rx)g] L labsK -1
dt — labs K_1+ K2

K.
- |ab< 1_ 1 > (3.7)
K+K,

Then equation (3.4) can take the form:

0y = Rate of photodecomposition _ _ d[Cr(Rx)] | (3.8)
| e dt abs

The value of quantum yield of photodecompositiog) @n then be given

by equation (3.9):

Yo
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Q AL 3.9
TG -9
or
K2
U= K, (3.10)

By rearranging equation (3.9) and equation (3.1@)can obtain equation

(3.11) for the value of reactivity ratio §KK,).

:2%21: 1(—2;% (3.11)

Equation (3.11) was used to calculate the reagtiratio of the
photodecomposition of Cr(Ax)Jn DMSO. These values are listed in
Table (3.11). The results of Table (3.11) for thadtivity ratio indicated
that these values decreased as the number efg€idp in complexes
increased and that should be expected since thie whlQ decreased in
the same manner. This also may be explained asutmer of methyl
group in complexes decreased, the excitation ofcinaplex become
much easier, i.e., the probability of excitatiahlfecame larger compared
to longer saturated alkyl chaift?. However, the small difference in the
above values between the ethyl and the isopromuitigands may be
due to the similarity in the spacial configuratiohthe two-alkyl group.
Therefore, the concentration of the populated ercgtate will be larger
for the small alkyl containing complexes (equati®d in mechanism
Scheme (3.1)). Consequently, the photodecompossitep (k) which
dependent on the concentration of excited statebwilarger for the less

number alkyl group containing complexes.

&
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Table (3.11): Specific rate constant {K photodecomposition
constant(Ry), the quantum yield (@) and the reactivity ratio (K for
different complexes in DMSO (Irradiation waveleng®11 £ 1) .

Resultsel Discussion

S EE Conig'glt/rlation 10}'5"ds:1 10'§sqllvl 1%‘13 1}33
Cr(mex) 5.000 8.700 4350| 7.702  7.762
Cr(etX) 5.000 7.290 3.645| 6.454  6.496
Cr(prx)s 5.000 6.790 3.395| 6.011  6.047
Cr(bux)s 5.000 3.060 1530 2709 2716
Cr(hex), 5.000 2.170 1.080| 1.921  1.925

From the results shown in Table (3.11), one caowdtce that K

and Q values were dependent on the number of;-Cgtoup in the

complexes.

The photodecomposition increased as the numb€&Hgf group in

the complexes decrease. Also the rate constant cauashtum yield

decrease from the higher number of £Hyroup as in hexane

complex( 1.925x 1) compared to the lower number of EHas in

methyl complex ( 7.762x 19 following the order:

(CeH150CS)sCr'" < (CHOCS)Cr" < (CH,0CS)Cr'" <
(CzH SOCQ)SCI‘” | < (CHSOC$)3C|’“I

The effect of the number of GHgroup in the complexes on the

rate of photodecomposition process is, therefagetated with the value

of quantum yield. The relationship of thg @lues for the complexes in

DMSO were plotted against the type of complex. Tasults shown

A%
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schematically in Figure(3.27), which indicated tliat increases as the

number of CH- group in complex decrease.

This shape of Figure (3.27) could be explaineddrsalering that -
OR group is electron-withdrawing group that woublilise less electron
density on the metal ion. The presence of the higidsitive center,
Cr(lll), made the dissociation of this week addtnzt produce a higher
guantum yield. This may be explain the observatwdrhigher Q of
Cr(Ax); complexes in DMSO.

-0

Quantum Yield x 10
O = M W R G =~ 0 W

| Crimesxs

N C
g Criptstiz

Cribuss

Crihexy

1 2 3 4 5

complexes

Figure (3.27): Variation in quantum yields (g with the number of
methyl group in complexes for the photodecompositaf
Cr(Ax); complex DMSO
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3.10 Photolytic Reaction mechanism for the prepared

tris(alkylxanthato) chromium (l1l) Complexes

The mechanism that may be suggested for the phodag®osition
processes is shown in Scheme (3.1). The uv-visdgectra of the
photolytic products indicated that the primary pmihgdis step might be the

hemolytic scission of a Cr-S bond as shown in eqngB.2). After that,

the obtained xanthate radical was rapidly deconmpdeeCS and R

radicals, which were then expected to abstractdgah from the solvent

(HD) forming alcohol.
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5 | (rocs) Cr/ \
311#1 nm : \/ (3.1)

Ky ()

1 (ROCSZ)ZCr<

L\/

U]

(ROCS,),Cr +S\c—0R (3.2)
/

a (n N (%)

\c OR s . Rro c/ S—S\
) \ /

M)

2.

(ROCSZ)ZCr<S>C—OR ] *

wn,

C—OR (33

I
AN

4. OR—C\ + HD ———> RO—C\ (3.4)
¢ VI)

5 / s . .
OR———C\S CS, + OR 35)
(V)
° ° K6
6. RO + OR—>> RO ——OR
(3.6)
7. RO + HD K+ .
——> ROH + D (3.7)
° ° K8
8 D + D—— D —D (38)
Where: KK, K, Ks, Kg....... , etc. are the rate constants for

the above reactions.

Scheme (3.1): The suggested reaction mechanisnttier

prepared complexé?
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The compound (I) has been excited to compound y) uv—
radiation at 311+1nm .The bonds between the chnormatom and the
two sulphur atoms in the excited state of this conmul break to yield
compounds (lll) and radical (IV) as shown in equ&{3.2) .The radical
compound (IV) may undergo different radical reaasiolt may either
recombine to yield the dimmer (V), or abstract loggm from the solvent
(HD) as in equations (3.3) and (3.4), respectiv&lye bond between the
oxygen and carbon may break to yield carbon disdépland alkoxy
radical (equation 3.5). The alkoxy radicals may deenbined to yield
peroxy as in equation (3.6) or abstract hydrogemfthe solvent to yield
alcohol (equation 3.7). The solvent radicals predfrtom equations (3.4)
and (3.7) may finally recombine as in equation X3Bowever, these
suggestions need further investigation using modetmumentation such
as ESR, mass spectrometry and other spectroscoplc saparation
techniques to validate the above reactions schdrhe. reaction rate
constant K, K4, Ks, Kg, K7, and IKgin equations (3.3-3.8) were very large,
since, they involved very reactive radical reatioHowever, excitation
irradiation reaction in equation (3.1) was assuiteele the slowest step
followed by the decomposition reaction in equat{8r2). Consequently,

this reaction was considered as the rate-determstep.

Therefore, the dissociation reaction was followed uy-visible
spectrophotometery by measuring the decrease imliberbance of the
prepared tris(alkylxanthato)chromium(lll) complexeswill be described

thereafter .
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3.11 Conclusion Remarks

In the work described in this thesis, the photodsasn of
tris(alkylxanthato) chromium (lll) complexes in DNISwas studied. The
results have suggested that these complexes wetesensitive when
irradiated with uv radiation of wavelength 311+1 .namd decomposed
through the scission of the Cr-S bond. The Cr{éoinplexes after

irradiation produced G(Ax), and [(CS)OR] radical which ultimately

decomposed to GSand R radical. The latter abstracted hydrogen from

solvent molecular to produce alcohol as suggestgdthe propose
mechanism. It was also found that the photochemieattion is first
order accordingly. The specific rate constantg) @ room temperature,
were evaluated by monitoring the spectral changasng irradiation

process.

The quantum yield of photodecomposition proceggeizerally low
and is greatly affected by the type of ligands nili chelate complexes
and the number of CH group. The value of quantum vyield of
photodecomposition in these complexes increasdéiseasumber of Ckl
group decreased in the order, fromHGOCS)Cr", (CsH,OCS):Cr",
(C3H,0CS)sCr", (CHs0CS)Cr", to (CHOCS)Cr"

It is well established that transition metal chelatre
photochemically active in polymer photochemistryhe$e complexes
might be useful in many applications. Moreover,nasntioned eatrlier,
metal chelate with metals at high oxidation state active in the
enhancement of photodegradation of plastic ancetbey, might serve as

photocatalyst to treat the plastic waste pollupooblem.
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3.12 Suggestion for future work

1- It is recommended to study the photodecompositeactions of
these and other complexes using modern instrumemtsds

mentioned above.

2- The wuse of different metal complexes to compare the

photodecomposition of these metals.

3- The use of unsaturated, phenyl and other aromatmpounds
instead of alkyl group to compare their photodecositpn

constants and other values.

4- Study the effect of polar and nonpolar solvent dme t

photodecomposition reactions.

5- Using these complexes as photoinitiator for polyration process

might be good extension of the present work.

AY
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