
Chapter Three     Results& Discussion   

 

 ٤٠

Chapter Three 

Results & Discussion 
 

 

3.1 Preparation of ligands  

 Potassium methyl xanthate, potassium ethyl xanthate, potassium 

isopropyl xanthate, potassium butyl xanthate, and potassium hexyl 

xanthate ligands were prepared according to the chemical reaction as 

shown in equation (3.1) 

ROH  +  CS2  +  KOH  R OC

S

SK

Ice bath (3.1)+   H2O

Where:  R = CH3-, C2H5-, C3H7-, C4H9-, or C6H13- 

 

The reaction was one to one (1:1) stoichiometry. An excess of KOH 

solution was added to ensure complete reaction. 

 

3.2 Preparation of complexes   

        Tris(methylxanthato)chromium(III),tris(ethylxanthato)chromium(III), 

tris(isopropylxanthato)chromium(III), tris(butylxanthato)chromium(III), 

and tris(hexylxanthato)chromium(III) complexes were prepared according 

to the chemical reaction as shown in equation (3.2)  

 

S

SK

+    Cr Cl3 .6 H2O

S

S

C OR(ROCS2)2Cr3ROC    (3.2)+ 3KCl 6H2O+

  

The stoichiometry of the above reaction was 3: 1 with respect 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 properties of ligands and their 

complexes.  

 

Table (3.1): Some physical properties of the prepared ligands and 

complexes 

Compound  Color Melting point 0C M calc.% M found % 

PMX  Yellow  215-218  - - 

Cr(mex)3 Deep green >300* 2.53 3.84 

PEX  Light brown  108-110  - - 

Cr(etx)3 Greenish blue >300 3.27 4.20 

PPX  Yellowish white  208-210  - - 

Cr(prx)3 Light blue >300 6.51 7.32 

PBX  Yellowish white  198-200  - - 

Cr(bux)3 Light blue >300 5.34 6.13 

PHX  Yellowish white  210-212  - - 

Cr(hex)3 Light grey >300 4.88 5.10 

* didn’t melts below 300 0C    

 

The color of these ligands was all yellow but with different levels. 

The color of the prepared complexes has ranged from deep green to light 

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

However, the melting points of the complexes have be not recorded 

because they did not melt below 300 0C. The data of metal were obtained 
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using flame atomic absorption technique. The calculation values were in a 

good agreement with the experimental values.  

    

3.4  Magnetic susceptibility and molar conductivity 

measurements 

The Experimental magnetic moment for each complex is listed in 

Table (3.2). Magnetic measurements are commonly used in studying 

transition metal complexes (100). The magnetic properties are due to the 

presence of unpaired electrons in the partially filled d-orbital in the outer 

shell of that element. Theses magnetic measurements give an idea about 

the electronic state of the metal ion in the complex. 

The resultant magnetic moment of an ion is due to both orbital and 

spin motion (101).  The magnetic moment is given by the following 

equation (102):  

 

µS+L = )1()1(4 +++ LLSS B.M 

µ = Magnetic moment  

S = Spin quantum number 

L = Orbital quantum number 

B.M. = 9.27 × 10-24 J. T-1 

 

Although detailed determination of the electronic structure requires 

consideration of the orbital moment. However, for most complexes of the 

first transition series the spin – only moment is sufficient, if the orbital 

contribution is small (103), therefore:  
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µS = )1(4 +SS  B.M., 

or 

µS = )2( +nn  B.M. 

S = n (1/2) 

S= Spin multiplicity  

n = Number of unpaired electrons. 

 

The value of magnetic susceptibility of the prepared complexes at 

room temperatures was calculated using the following equation: 

      µS = T×Α  X    

      XA = Xm + D 

      Xm = Xg . Mwt  

Where: 

XA = Atomic Susceptibility 

Xm = Molar Susceptibility (corrected) 

Xg = Mass Susceptibility 

Mwt = Molecular weight of complex 

D =  Diamagnetic correction factor ×10-6   

T = Temperature in Kelvin (0C + 273)  

B. M = Magnetic moment unit (Bohr magneton)  

 

The observed magnetic moments for the prepared Cr(III) 

complexes is shown in Table (3.2). Theses values are typical of high spin 

octahedral complexes of Cr(III)(104). These values were in a good 

agreement with that given by Kazzer et al. for the Cr(etx)3 which has been 

reported to be 4.18 B.M.  However, the value for Cr(mex)3 was reported 

to be 3.89 B.M. (105)  compared to our value of  4.20. The values of the 

molar conductivity measurements in DMSO solvent at 250C in Table (3.2) 
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showed, that tris(alkylxanthato)chromium (III) complexes were non-

electrolyte  

 

 

 Table (3.2):  Magnetic Moment and molar conductivity  Measurements 

of complexes 

complex  
Magnetic Moment 

(B.M) 

Molar conductivity  

Ohm-1cm2mol-1 

Suggested 

Structure  

Cr(mex)3 4.20 18 octahedral 

Cr(etx)3 4.18 17 octahedral 

Cr(prx)3 4.15 10 octahedral 

Cr(bux)3 4.12 16 octahedral 

Cr(hex)3 4.16 13 octahedral 

 

3.5  FTIR Spectra for ligands and their complexes  

 The FTIR spectra of the prepared potassium alkyl ligands and their 

chromium complexes are shown in Figures (3.1-3.10) for comparison. 

The FTIR spectra of the chromium complexes were run on both KBr and 

CsI discs.  This is because the absorption bands below 500cm-1 were weak 

with CsI disc due to high absorption bands above 500cm-1 as shown in 

Figures 3.2, 3.4, 3.6, 3.8, and 3.10, (a) and (b) for KBr  and CsI discs , 

respectively .  

The main absorption bands for both ligands and their complexes are 

listed in Table (3.3). 

  The absorption bands observed at (1155-1188 cm-1) in the 

spectra of free xanthate ligands were may be assigned to v(O-C-O)  . This 

bands have shifted to higher values of (1226-1250 cm-1) for chromium (III) 
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complexes which range from (44-81cm-1), indicating some involvement of 

oxygen of (C-O-C) in bonding with metals (106).   

    The bands at (1042-1065cm-1) in the spectra of xanthate ligands 

can be assigned to (C-S) stretching frequencies. In the spectra of all 

complexes, theses bands shifted to lower frequencies ranged from (7-

24cm-1) to give absorption bands for the complexes in the range (1032-

1050 cm-1) suggesting that sulphur is involved in bonding to the metal ion, 

this is in agreement with previous earlier assignment (106). Furthermore, the 

occurrence of this single band due to v(C-S) in all xanthate complexes 

showed the uninegetive bidentate behavior of the xanthate ligands (107).  

 The bands at (1105-1145 cm-1) in the spectra of xanthate ligands 

can be assigned to v(C=S). The absorption bands of the v(C=S) for the 

PMX was 1105cm-1 compared to 1145cm-1 for PHX which indicated a 

large shift from methyl to hexyl group in the ligands . This is in agreement 

with that reported previously (108). This has been attributed to the greater 

electron - releasing  tendency o f  the  hexyl  compared to the methyl 

group (108) . In the spectra of all complexes, theses bands shifted to higher 

frequency of (1117-1190cm-1), which represented a shift to longer 

frequency of as much as 62 cm-1. 

 The FTIR spectra of the complexes have shown new bands in the 

range of (347-352cm-1) for all complexes as listed in Table (3.3). These  

bands were assigned to (Cr-S) stretching vibration (109,110).  
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(a) 
 

 
 (b)  

 
Figure (3.2):  FTIR spectrum for tris (methylxanthato) chromium (III) 

complex using (a) KBr (b) CsI discs. 
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(a)  

 

 
(b)  

 
Figure (3.4): FTIR spectrum for tris(ethylxanthato)chromium(III) 

complex using (a) KBr (b) CsI discs. 
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(a)  

 

 
(b) 

 
Figure (3.6):  FTIR spectrum for tris(isopropylxanthato)chromium(III) 

complex using (a) KBr (b) CsI discs. 
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(a)  
 

  

(b)  
 

Figure (3.8):  FTIR spectrum for tris(butylxanthato)chromium(III) 
complex using (a) KBr (b) CsI discs. 
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(a) 
 

(b)  
 

Figure (3.10):  FTIR spectrum for tris(hexylxanthato)chromium(III) 
complex using (a) KBr (b) CsI discs. 
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Table (3.3):   Infrared bands of xanthate ligands and their complexes  

* Not found 

 

3.6 Ultraviolet –Visible Spectroscopy 

The ultraviolet-visible absorption spectra of potassium alkyl 

xanthate (PAX) ligands in DMSO were recorded and shown in Figures 

(3.11a-3.16a). A maximum absorption wavelengths were observed at 

(450-486nm) of moderate absorbance and off-scale high absorbance 

reading below 400nm. These transitions may be attributed to n       π*, and 

π   π* electronic transition respectively. The absorbencies of these 

transitions were employed to follow the decomposition of the complex.  

Although, the  π     π* transition  which occur at shorter wavelength, 

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

Compounds v(C-O-C)cm-1 v(C-S)cm-1 v(C=S) cm-1 v(Cr-S) cm-1 

PMX 1188 1045 1105 * 

Cr(mex)3 1238 1038 1167 347 

PEX 1165 1042 1113 * 

Cr(etx)3 1246 1032 1117 349 

PPX 1155 1065 1123 * 

Cr(prx)3 1227 1041 1141 347 

PBX 1184 1055 1136 * 

Cr(bux)3 1250 1047 1180 352 

PHX 1182 1062 1145 * 

Cr(hex)3 1226 1050 1190 347 
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difficult to follow any decrease in the absorbance. Therefore, the 

decomposition reaction was followed using n       π* electronic transitions. 

    The absorption spectra of tris(alkylxanthato) chromium (III) 

complexes have shown different absorption wavelength from that of the 

free ligand as shown in Figures (3.1b-3.16b). These complexes 

absorbance wavelengths were shifted to different wavelengths than the 

corresponding bonds in their ligands, which appears in the wavelength 

range between  310 to 620nm. These values are listed in Table (3.4). 

 These blue shift may be attributed to the formation of 

chromium(III) complex which was in agreement with the color of the 

resultant prepared complexes as shown in Table (3.3) and their FTIR 

spectra.  

The ligand field electronic transitions between the metal d orbitals 

appear in Cr(III) bands located in the visible region for 

tris(alkylxanthato)chromium(III) complexes at (576-620nm) assigned to 

the transition 4A2g(F)       4T1g(F)  and  (442-460 nm)  assigned  to  the 

transition 4A2g(F)       4T1g(F) and (310-312nm)  4A2g(F)      4T2g(P). These 

transitions are showed in Table (3.4).                                          
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(a) 
 

(b) 
 

Figure (3. 11):   The ultraviolet visible spectrum for a) potassium methyl  
                            xanthate  and b) tris(methylxanthato)Chromium (III)  

complex.   
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(a) 
 

(b) 
 

Figure (3. 12):   The ultraviolet visible spectrum for a) potassium ethyl  
                            xanthate  and b) tris(ethylxanthato)Chromium (III) 

complex.   
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(a) 
 

(b) 
 

Figure (3. 13):   The ultraviolet visible spectrum for a) potassium propyl  
                            xanthate  and b) tris(isopropylxanthato)Chromium (III)  

complex.   

 

 



Chapter Three     Results& Discussion   

 

 ٦١

(a) 

(b) 
 

Figure (3. 14):   The ultraviolet visible spectrum for a) potassium butyl 
                            xanthate  and b) tris(butyllxanthato)Chromium (III)  

complex.   
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(a) 
 

(b) 
 

Figure (3. 15):   The ultraviolet visible spectrum for a) potassium hexyl 
                            xanthate  and b) tris(hexylxanthato)Chromium (III)  

complex.   

 

 



Chapter Three     Results& Discussion   

 

 ٦٣

 

Table (3.4):  Absorption wavelengths of the prepared ligands and 

their complexes 

Ligand wavelength 

nm(cm-1)  
Assigned transition  

complex 

PMX 472(21186) n       π* 

Cr(mex)3 

590(16949) 

 455(21978) 

311(32154) 

4A2g(F)       4T1g(F) 

 4A2g(F)       4T1g(F)  

4A2g(F)      4T2g(P) 

PEX 478(20921) n       π* 

Cr(etx)3 

576(17361) 

450(22222) 

312(32051) 

4A2g(F)       4T1g(F) 

 4A2g(F)       4T1g(F)  

4A2g(F)      4T2g(P) 

PPX 486(20576) n       π* 

Cr(prx)3  

615(16260)  

445(22472) 

310(32258) 

4A2g(F)       4T1g(F) 

 4A2g(F)       4T1g(F)  

4A2g(F)      4T2g(P) 

PBX 481(20790) n       π* 

Cr(bux)3 

603(16584) 

460(21739) 

312(32051) 

4A2g(F)       4T1g(F) 

 4A2g(F)       4T1g(F)  

4A2g(F)      4T2g(P) 

PHX 465(21505) n       π* 

Cr(hex)3 

620(16129) 

442(22624) 

310(32258) 

4A2g(F)       4T1g(F) 

 4A2g(F)       4T1g(F)  

4A2g(F)      4T2g(P) 
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3.7 Photodecomposition of tris(alkylxanthato )chromium 

(III)  complexes  

The primary concern was to follow the spectral changes which 

occurred on irradiation of Cr(Ax)3chelate complex in DMSO. UV-visible 

spectral techniques and FTIR identification methods were used to follow 

the photodecomposition reaction. The uv-visible spectral technique was 

also used to determine the rate of photodecomposition of the chelate 

complexes. 

 

3.8 Spectrophotometeric measurements 

On irradiation of 5×10-5 mol/l Cr(Ax)3 in DMSO at room 

temperature, the complex absorption spectrum changes with the 

irradiation time. A decrease in the absorbance intensity was observed at 

wavelength of its maximum absorbencies as shown in Figures (3.16-3.20) 

for (n    π*) transitions in all prepared complexes. Table (3.5) lists the 

changes in absorbance (At) values with the irradiation time. From these 

changes in absorbance values during irradiation, one could say that the 

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

bond and C
II

r(Ax)2 was formed. 
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Figure (3.16):  Uv-visible spectral changes in the absorbance of Cr(mex)3  
during irradiation; (1) Before irrad. (zero time) (2) After 15 min. (3) 
After 30 min. (4) After 45 min. (5) After 60 min. irrad.  measured 

at λirr.  = 311nm. at room temperature. 

 

Figure(3.17 ):   Uv-visible spectral changes in the absorbance of Cr(etx)3   
during irradiation; (1) Before irrad. (zero time) (2) After 15 min. (3) 

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

30 min. (4) After 45 min. (5) After 60 min. irrad.  measured at λirr.  
= 311nm. at room temperature. 

 

Figure (3.19):   Uv-visible spectral changes in the absorbance of Cr(bux)3    
during irradiation; (1) Before irrad. (zero time) (2) After 15 min. (3) 

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

After 30 min. (4) After 45 min. (5) After 60 min. irrad.  measured 
at λirr.  = 311nm. at room temperature. 

 

 

Table (3.5):  Variation of absorbance with irradiation time of the 

complexes   

 

 

 

 

Irradiation time (sec.) 
Absorbance at λirr.  = 311±1nm for  

Cr(mex)3 Cr(etx)3 Cr(prx)3 Cr(bux)3 Cr(hex)3 

0 1.205 1.037 0.814 0.632 0.459 
900 1.134 0.978 0.786 0.616 0.449 
1800 1.060 0.930 0.741 0.601 0.441 
2700 1.011 0.897 0.717 0.589 0.433 
3600 0.959 0.854 0.687 0.580 0.425 
4500 0.913 0.818 0.657 0.569 0.418 
5400 0.868 0.783 0.630 0.558 0.412 
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The absorbencies at infinite irradiation (A∞) of each compound 

were measured after a period of more than 50 hours. Each absorbance was 

subtracted from (A∞) as listed in Tables (3.6 - 3.10). The natural logarithm 

of each value was taken. To convert the negative values of the resulting 

logarithm, one was added to each value.       

 

Table (3.6):  Natural logarithm of absorbance with irradiation time of   

Cr(mex)3 

Irradiation time(sec.) At (At -A∞) In(A t-A∞) 1+In (At-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 with irradiation time of   

Cr(etx)3  

Irradiation time(sec.) A t (A t -A∞) In(A t-A∞) 1+In (At-A∞) 

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 

 
 



Chapter Three     Results& Discussion   

 

 ٦٩

 

Table (3.8):  Natural logarithm of absorbance with irradiation time of   

Cr(prx)3  

 
Irradiation time(sec.) 

At (At -A∞)  In(A t-A∞) 1+In (At-A∞) 

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 with irradiation time of   

Cr(bux)3  

Irradiation time(sec.) At (At -A∞) In(A t-A∞) 1+In (At-A∞) 

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 with irradiation time of   

Cr(hex)3  

Irradiation time(sec.) At (At -A∞) In(A t-A∞) 1+In (At-A∞) 

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 irradiation time, as shown 

in Figures (3.21-3.25). The slopes of these plots represent the inverse 

photodecomposition rate constant ( Kd ) of each complex . 

 

Figure (3.21):  Plot of  natural logarithm of absorbance against 
irradiation time for Cr(mex)3  
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Figure (3.22: ) Plot of  natural logarithm of absorbance against 
irradiation time for Cr(etx)3.  

 

 

Figure (3.23 ): Plot of  natural logarithm of absorbance against 
irradiation time for Cr(prx)3. 
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Figure (3.24: ) Plot of  natural logarithm of absorbance against 
irradiation time for Cr(bux)3. 

 

Figure (3.25):  Plot of natural logarithm of absorbance against 
irradiation time for Cr(hex)3 .  
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3.9 Kinetic of the photodecomposition reactions using 

uv-visible spectrophotemetric measurements 

 The change in the uv-visible absorptions spectra during irradiation 

were monitored through the photolysis experiments. The decay of 

tris(alkylxanthato)chromium(III) complexes during the irradiation at  

311±1 nm, was followed by the change in the chelate concentration 

spectrophotometrically. In order to determine the rate of 

photodecomposition of Cr(Ax)3 complexes. From this change, it was 

found that the value of (At-A∞) decreased exponentially with irradiation 

time corresponding to the first order chelate decomposition and was 

consistent with first order reaction.  

  At wavelength 311 ±1 nm , the value of |At-A∞| decreased 

exponentially with irradiation time as summarized in Figure(3.26) for the 

variation of 1+ln(At-A∞) with irradiation time (t) of Cr(Ax)3 complexes. 

The straight lines are consistent with the first order chelate decomposition 

processes. Therefore, from the slopes of these straight lines, the values of 

specific rate constants (Kd) were evaluated. Using the value of (Kd), the 

rate of photodecomposition were calculated (Rate = Kd [Concentration of 

Cr(Ax)3] ) and the quantum yield of this process is deduced. 
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Figure (3.26):  Variation of natural plot logarithm of absorbance with 
irradiation time of the Cr(Ax)3  complexes in DMSO (λirr = 

311±1 nm. at room temperature). 

 

 

The following kinetic equilibria (75) might be followed for the reactions in 

equation (3.1) of scheme (3.1) : 

 

d[Cr(Rx)3]*______________
dt

=Iabs    K -1 [Cr(Rx)3]*
_ _ (3.3)

 

Where Iabs is absorbed intensity radiation. I0  and  Iabs of  DMSO were 

calculated using equation (2.1) and  found to be equal to 1.3891× 10-5  

Ein.l-1.S-1  and  5.114× 10-7 Ein.l-1.S-1, respectively. These values were 

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

 

Qd = rate of photodecomposition /  Iabs                                                                         (3.4) 
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Since the rate of excited state decomposition can be expressed as in 

equation (3.5) is: 

 

d[Cr(Rx)3]*______________
dt

=Iabs  K2 [Cr(Rx)3]*
_ _ K -1 [Cr(Rx)3]*   (3.5)_

 

 

Assuming that the [Cr(Rx)3]
* excited state concentration is fixed, then: 

 

[Cr(Rx)3]* =
Iabs

K -1 + K2

________
(3.6)

 

The value of excited state concentration, [Cr(Rx)3]
*,  in equation (3.6) is 

substituted in equation (3.3), one can get: 

 

_

d[Cr(Rx)3]______________
dt

_ =  Iabs

Iabs K -1

K -1 + K2

_________

=  Iabs
 K -1

K -1 + K2

________1
(3.7)

Then equation (3.4) can take the form: 

 

Rate of photodecomposition___________________________
I abs

Qd  =
d[Cr(Rx)3]______________

dt
_

I abs= (3.8)

 

The value of quantum yield of photodecomposition (Qd) can then be given 

by equation (3.9): 
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=
K -1

K -1 + K2

________Qd (3..9)1 _

 

 or 

=
K 2

K -1 + K2

________Qd (3.10)

  

By rearranging equation (3.9) and equation (3.10), we can obtain equation 

(3.11) for the value of reactivity ratio (K2 / K-1). 

 

            
=

K 2
K -1

________ Qd

1
________

Qd
_ (3.11)

 

Equation (3.11) was used to calculate the reactivity ratio of the 

photodecomposition of Cr(Ax)3 in DMSO. These values are listed in 

Table (3.11). The results of Table (3.11) for the reactivity ratio indicated 

that these values decreased as the number of CH3-group in complexes 

increased and that should be expected since the value of Qd decreased in 

the same manner. This also may be explained as the number of methyl 

group in complexes decreased, the excitation of the complex become 

much easier, i.e., the probability of excitation (ε) became larger compared 

to longer saturated alkyl chain (111). However, the small difference in the 

above values between the ethyl and the isopropyl group ligands may be 

due to the similarity in the spacial configuration of the two-alkyl group. 

Therefore, the concentration of the populated excited state will be larger 

for the small alkyl containing complexes (equation 3.1 in mechanism 

Scheme (3.1)). Consequently, the photodecomposition step (K2) which 

dependent on the concentration of excited state will be larger for the less 

number alkyl group containing complexes.   
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Table (3.11):   Specific rate constant (Kd) , photodecomposition 
constant (Rd), the quantum yield (Qd)  and the reactivity ratio (Kr) for 

different complexes in DMSO (Irradiation wavelength 311 ± 1) . 
 

Complexes  
Concentration  

10-5M 
Kd 

10-5 s-1 
Rd 

10-9s-1M 
Qd 
10-3 

Kr 
10-3 

Cr(mex)3  5.000 8.700 4.350 7.702 7.762 

Cr(etx)3  5.000 7.290 3.645 6.454 6.496 

Cr(prx)3  5.000 6.790 3.395 6.011 6.047 

Cr(bux)3  5.000 3.060 1.530 2.709 2.716 

Cr(hex)3  5.000 2.170 1.080 1.921 1.925 

 

 From the results shown in Table (3.11), one could notice that Kd 

and Qd values were dependent on the number of CH3- group in the 

complexes.  

 The photodecomposition increased as the number of CH3- group in 

the complexes decrease. Also the rate constant and quantum yield 

decrease from the higher number of CH3- group as in hexane 

complex( 1.925× 10-3) compared  to the lower number of CH3- as in 

methyl complex ( 7.762× 10-3) following the order: 

 

(C6H13OCS2)3CrIII  < (C4H9OCS2)3CrIII  < (C3H7OCS2)3CrIII  < 

(C2H5OCS2)3CrII I < (CH3OCS2)3CrIII  

 

The effect of the number of CH3- group in the complexes on the 

rate of photodecomposition process is, therefore, correlated with the value 

of quantum yield. The relationship of the Qd values for the complexes in 

DMSO were plotted against the type of complex. The results shown 
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schematically in Figure(3.27), which indicated that Qd increases as the 

number of CH3- group in complex decrease. 

This shape of Figure (3.27) could be explained by considering that - 

OR group is electron-withdrawing group that would cause less electron 

density on the metal ion. The presence of the highly positive center, 

Cr(III), made  the dissociation of this week adduct that produce a higher 

quantum yield. This may be explain the observation of higher Qd of 

Cr(Ax)3 complexes in DMSO. 

 

 

Figure (3.27): Variation in quantum yields (Qd) with the number of 
methyl group in complexes for the photodecomposition of 

Cr(Ax)3  complex DMSO 
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3.10 Photolytic Reaction mechanism for the prepared 

tris(alkylxanthato) chromium (III) Complexes  

The mechanism that may be suggested for the photodecomposition 

processes is shown in Scheme (3.1). The uv-visible spectra of the 

photolytic products indicated that the primary photolysis step might be the 

hemolytic scission of a Cr-S bond as shown in equation (3.2). After that, 

the obtained xanthate radical was rapidly decomposed to CS2 and R
.
 

radicals, which were then expected to abstract hydrogen from the solvent 

(HD) forming alcohol. 



Chapter Three     Results& Discussion   

 

 ٨٠

S
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(3.7)
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(3.1)

_____________________________________

(IV)

K-1

    

Where:    K-1,K1, K2, K3, K4………, etc. are the rate constants for 

         the above reactions. 

 

Scheme (3.1): The suggested reaction mechanism for the 

prepared complexes(75) 
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The compound (I) has been excited to compound (II) by uv– 

radiation at 311±1nm .The bonds between the chromium atom and the 

two sulphur atoms in the excited state of this compound break to yield 

compounds (III) and radical (IV) as  shown in equation(3.2) .The radical 

compound (IV) may undergo different radical reactions. It may either 

recombine to yield the dimmer (V), or abstract hydrogen from the solvent 

(HD) as in equations (3.3) and (3.4), respectively. The bond between the 

oxygen and carbon may break to yield carbon disulphide and alkoxy 

radical (equation 3.5). The alkoxy radicals may be combined to yield 

peroxy as in equation (3.6) or abstract hydrogen from the solvent to yield 

alcohol (equation 3.7). The solvent radicals produce from equations (3.4) 

and (3.7) may finally recombine as in equation (3.8). However, these 

suggestions need further investigation using modern instrumentation such 

as ESR, mass spectrometry and other spectroscopic and separation 

techniques to validate the above reactions scheme. The reaction rate 

constant K3, K4, K5, K6, K7, and K8 in equations (3.3-3.8) were very large, 

since, they involved very reactive radical reactions. However, excitation 

irradiation reaction in equation (3.1) was assumed to be the slowest step 

followed by the decomposition reaction in equation (3.2). Consequently, 

this reaction was considered as the rate-determining step.     

Therefore, the dissociation reaction was followed by uv-visible 

spectrophotometery by measuring the decrease in the absorbance of the 

prepared tris(alkylxanthato)chromium(III) complexes as will be  described  

thereafter . 
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3.11 Conclusion Remarks  

In the work described in this thesis, the photochemistry of 

tris(alkylxanthato) chromium (III) complexes in DMSO was studied. The 

results have suggested that these complexes were photosensitive when 

irradiated with uv radiation of wavelength 311±1 nm. and decomposed 

through the scission of the Cr-S bond. The Cr(Ax)3complexes after 

irradiation produced CrII(Ax)2  and [(CS2)OR]
.
 radical which ultimately 

decomposed to CS2 and R
.
 radical. The latter abstracted hydrogen from 

solvent molecular to produce alcohol as suggested by the propose 

mechanism. It was also found that the photochemical reaction is first 

order accordingly. The specific rate constants (Kd) at room temperature, 

were evaluated by monitoring the spectral changes during irradiation 

process. 

 The quantum yield of photodecomposition process is generally low 

and is greatly affected by the type of ligands in Cr(III) chelate complexes 

and the number of CH3- group.  The value of quantum yield of 

photodecomposition in these complexes increases as the number of CH3- 

group decreased in the order, from (C6H13OCS2)3CrIII , (C4H9OCS2)3CrIII , 

(C3H7OCS2)3CrIII , (C2H5OCS2)3CrIII , to (CH3OCS2)3CrIII   

It is well established that transition metal chelate are 

photochemically active in polymer photochemistry. These complexes 

might be useful in many applications. Moreover, as mentioned earlier, 

metal chelate with metals at high oxidation state is active in the 

enhancement of photodegradation of plastic and therefore, might serve as 

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

1- It is recommended to study the photodecomposition reactions of 

these and other complexes using modern instrumentation as 

mentioned above. 

2- The use of different metal complexes to compare the 

photodecomposition of these metals. 

3- The use of unsaturated, phenyl and other aromatic compounds 

instead of alkyl group to compare their photodecomposition 

constants and other values. 

4- Study the effect of polar and nonpolar solvent on the 

photodecomposition reactions.       

5- Using these complexes as photoinitiator for polymerization process 

might be good extension of the present work. 
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Chapter one 

Introduction 
 

1.1 Photochemistry 

Many reactions can be initiated by the absorption of 

electromagnetic radiation via different mechanisms. The most important 

of all are the photochemical processes that capture the radiant energy of 

these reactions lead to the heating of the atmosphere during the daytime. 

Other includes the absorption of visible radiation during photosynthesis 

processes in plants. Table (1.1) summarizes some types of common 

photochemical reactions (1).  

Photochemistry is a natural phenomenon, which began at the origin 

of the universe world.  Modern science describes the interaction between 

light and matter in several main sciences such as chemistry, physics and 

biology(2).  Photochemistry plays a fundamental role in life 

(photosynthesis, vision, photoaxis, etc….). The last 30 years of 

photochemistry have shown the fundamental role played in experimental 

and theoretical investigations (3). It's used for the determination of 

molecular mechanisms, photocatalysis and electronic information of 

complex devices (2). The photochemical and photophysical processes of 

thousands of organic and organometallic, coordination compounds 

complexes have been studied (4). The major parts of photochemical 

investigations were focused on molecular species with simple process 

(i.e. molecular photochemistry) (2). 
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Photochemical processes are initiated by the absorption of 

radiation by at least one component of a reaction mixture. In a primary 

process, products are formed directly from the excited state of the 

reactants. Products of a secondary process originated from intermediates 

that are formed directly from the excited of the reactants (1).   

 

Table (1.1):  Photochemical processes(1) 

Process General Form Example 

Ionization A*             A+   +   e-
 NO*                 NO+    +    e-

 

Electron transfer A*   +   B             A+   +   B-
 [Ru(bpy)3]

2+ *+  Fe3+              [Ru(bpy)3]
3+   +  Fe2+

 

Dissociation 
A*            B    +    C  

A*  + B      C             A  +   B    +    C__
 

O3
*            O2    +    O 

Hg*  +  CH4              Hg  +  CH3   +  H 

Addition 2A*                        B  

*

2

 

Abstraction A*   +    B___
C       A       B  +  C Hg* +  H2             HgH  +  H 

The excited state is denoted by an asterisk(*). In each example, the photochemical process is initiated by radiation. 

 

1.2   Photochemistry of transition metal complexes  

The photophysics and photochemistry of transition metal 

complexes has become an important branch of inorganic chemistry as 

well as photochemistry (5). On the contrary, a very little is known about 

the photophysics and photochemistry of coordination compounds of the 

main group metals (6). These compounds are kinetically labile and can 

exist with variable coordination numbers and structure in the solid state 

and in solution. In addition, the structures of many complexes deviate 

from highly symmetrical geometries. These properties complicate the 

spectroscopic identification and characterization of main group metal 

complexes. On the other hand, there are also features which facilitate the 
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investigation of these compounds. Since the valence shell includes only 

(s) and (p) orbitals, the (d) orbitals have not to be considered for low-

energy electronic transitions. Compared to transition metals, the variation 

of stable oxidation states of main group metals is much smaller. 

Chemical reactivity depends mainly on the excited state properties 

of a given molecular system and is relevant to all photochemical 

processes regardless of the origin and nature of the photoactive   species 
(7-9). Most of the photochemical reactions in transition metal complexes 

can be triggered with visible light, since their excitation energies are 

usually lower than that of most organic molecules. The visible excitation 

usually accesses the available low energy charge transfer states of mixed 

metal and ligand character, the so called metal-to-ligand charge (MLCT) 

states (10). These states provide a rather unique gateway, through which 

the optical excitation energy can be very efficiently transferred into 

molecular excitation energy triggering a variety of possible relaxation 

involving electronic, magnetic and structural dynamics. 

The photoinduced dynamics of transition metal complexes 

involved many different types of excited states, which may differ in their 

localization within the molecule, orbital parentage, energy, dynamics and 

thus chemical reactivity (11). In addition, the density of available excited 

states is much higher than in case of organic molecules, which means that 

several different excited states may be populated within the same narrow 

energy range. This, in turn, leads to an enhanced interaction between 

them, which makes the photochemical cycle rather complex with 

competing relaxation and reactivity pathways (12). Many transition metal 

complexes are redox-active, already in their electronic ground state 

configuration (13). Their corresponding electron transfer (ET) reaction can 

involve either an increase of the oxidation state of metal (MLCT 

reactions) or that of the Ligand-to-Metal Charge Transfer (LMCT) 
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reactions. This redox activity is often preserved in the excited states as 

well (14). Therefore, many of these complexes undergo photoinitiated ET 

(either intramolecular or intermolecular) (15), which may occur within the 

metal orbitals, ligand orbitals or within both simultaneously.  

     

1.3 Ligand–field excited– state photochemistry (16-20) 

Excited electronic states of transition metal complexes have 

bonding properties that are different from those of the ground state. These 

properties can be predicted in straight forward manner from ligand-field 

theory. This idea can be applied to metal complexes with any 

coordination number, but the most advanced theoretical development 

involved the ligand field or d-d excited states of six-coordinate complexes 

of metals with d3-d6 – electron configurations. The development of the 

theory was spurred by the publication of Adamson's rules.  The first rule 

states that the axis having the weakest average crystal field will be the 

one labialized. The second rule states that if the labialized axis contains 

two different ligands, then the ligand of grater field strength preferentially 

equates. The theoretical basis for these   rules consists of two steps. Step 

one predicts which axis will be photolabilized. Step two predicts which 

ligand on the labialized axis will be preferentially labialized if the two 

ligands are different.   

 

1.4 Quantum yields  

The photochemical reactions are based on that each light quantum 

absorbed by molecules activated them. 
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Excited molecules are unstable and thus all of them may undergo 

chemical reaction and / or physical deactivation processes. Each process 

starting with absorption of a photon and ending with disappearance of the 

molecule or its deactivation to a non-reactive state is called primary 

process. The efficiency of photochemical and / or photophysical primary 

process (i.e. the primary quantum yield (Q) is defined as (21): 

        

Qd  =
_______________________________________Number of  molecule undergoing that process

Number of photon  absorbed by that reactant
at same time

 

  

The determination of the quantum yields obviously required the 

measurements of two quantities, namely, the change in the concentration 

of the reactant (or products) and the number of photons absorbed by the 

reactant at the same time. 

 

1.5 Electronic Spectra and Excited States (22,23) 

Generally, electronic absorption spectra of transition metal 

complexes are frequently complicated and spectral assignments are 

difficult to establish. Coordination compounds are characterized by 

absorption spectra rich in bands in the ultraviolet and visible region of the 

light spectrum. 

 Irradiation in this region will sometimes cause photoreactions 

which are more fascinating in inorganic photoreactions because of the 

possibility of generating a more divers number of electronic excited states 

of high density distribution. 

 There are three basic types of electronic transformations of excited 

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

These transitions arise from electronic transitions between the 

metal d orbitals perturbed by the ligand field. They are localized on the 

central metal atom and their properties depend on the number of d 

electrons, type of atomic term, local symmetry around the metal atom and 

the nature of the ligand field. The molar absorptivity coefficients (24) (ε) 

for such transitions are in the range between 1-100 mol-1.l.cm-1, and they 

generally occur in the visible or near infrared regions and are responsible 

for color of many inorganic complexes. 

 

ii- Intraligand Transitions (IL):  

These transitions arise from electronic transitions between 

molecular orbitals localized mainly on the ligand. These orbitals are not 

significantly perturbed by complex formation. IL transitions in the 

absorption spectra of the complexes are observed (e.g., π → π*, n → π*
 

and σ → σ*) which are equivalent to the transitions in the free ligand. In 

spite of the fact that many coordination compounds exhibit internal ligand 

bands, there are only a few cases where such bands have been recognized 

(25). This is partly due to experimental difficulties, since the internal 

ligand bands lie in the uv spectral region and thus, they are often 

obscured by the very intense charge transfer bands. The few known 

examples of photoreactions caused by IL excitation are the trans-cis 

isomerization of trans-4-stilbene carboxlic acid(26). Coordination of either 

iridium (III) or ruthenium (III) (27), and the isomerization that 

accomplished by IL excitation of tailbone ligand (25). A furthermore 

illustration of IL photochemistry is the photochemical behavior of cis-

dichloro-bis-(1-naphthylamine)-platinum(II) upon irradiation in the 250 

nm region(28).  
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This photoreaction leads to the formation of the free 1-

naphthylamine ligand with relatively high quantum yield. Irradiation of 

the naphthylamine ligand is known to produce an excited state with 

decreased base strength compared with the ground state, thus the reaction 

appears to be the result of an IL isomer. 

 

iii- Charge Transfer Transitions (CT) 

These transitions arise from electron transitions between a metal 

center orbital and ligand localized orbitals(29). Irradiation of a 

coordination compound with light of appropriate wavelength may induce 

transfer of an electron from ligand to metal (LMCT), as shown in the 

following photochemical reaction: 

[Fe(H2O)5Br]2+ [Fe(H2O)5Br]*2+ [Fe(H2O)5]
2+ +  Br

hv
(1.1)

                     

LMCT processes occur quite frequently because most strong 

complexing ligands are Lewis bases. Occasionally, metal to ligand 

electron-transfer (MLCT) absorption transition occur especially in metal 

carbonyls and nitrosyls compounds. Charge transfer absorption bands 

always occur at higher energies than d-d transitions, and are frequently 

found in the blue or ultraviolet regions (30). Generally, charge-transfer 

absorption followed by chemical steps results in oxidation of one or more 

ligand molecules with simultaneous reaction of the metal ion. Among the 

considerable number of surprising CT-generated photoredox reaction of 

coordination compound, and one of the most spectacular, is that described 

by Vogler and co-workers(31), in which a two-electron reduction of cis-

diazido-bis (triphenyl phosphine) platinum (II) leads to the formation of 

an intermediate tentatively assigned to hexazine as described in (equation 

1.2). 
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cis - [(ph3P)2 Pt(N3)2] →                       + [Pt(ph3P)2]           (1.2) 

 

 

The highly reactive LF, IL, CT-isomeric forms of appropriate 

ground state compounds can be  achieved at very low temperature and 

can lead to the formation of formal oxidation numbers, even when these 

are not expected from classical thermal chemistry. Figure (1.1) illustrates 

the electronic state of coordination compounds in relation to their 

photochemical behavior (32). 

        Metal atomic orbital             Molecular orbital     Ligand atomic orbital 
 

Figure (1.1):  Orbital energy diagram of electronic transition in 
octahedral complexes (32). 

 
 

1.6 Photophysical and Photochemical Processes 

Absorption of a photon by a species, A, leads to the formation of a 

short - lived electronically excited molecule, A*.  

 A + hv → A*                                                                                    (1.3) 

The electronic energy can be dissipated physically or chemically (32). 

s 

d 

a1g 

eg 

t2g 
10 Dq 

a*
1g 

e*
g 

t2g*  

t2g 

a1g 
eg 

a1g + eg + t1u 

t1g + t1u + t2g + t2u 
πL 

σL 

π*L 

t1g + t2g + t1u + t2u 
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 1.6.1.  Photophysical Processes: 

 These may be subdivided into radiative and non-radiative process: 

A* → A + heat          nonradiative deactivation                              (1.4) 

           A* → A + hv′            radiative deactivation (v′ < v)                       (1.5) 

 

(i) Non-radiative processes: Two main processes are involved, 

these are (33): 

1-  Internal Conversion (IC): An electronically excited complex may 

return directly to its ground state without emission of photon, 

converting the excitation energy into heat. Interconversion from the 

first excited to the ground state is believed to be significant process in 

coordination compounds (34) solutions (life time are ranged from 10-12 

to 10-13 sec.). 

2- Intersystem Crossing (ISC): Radiationless transition between 

electronic states of different multiplicity is forbidden, but it is a form of 

radiationless transitions which can lead to populate spin - forbidden 

states. This is a very important phenomenon in transition - metal 

complexes because it is well established that the rate constant for 

intersystem crossing is greatly enhanced in paramagnetic species (29).In 

many cases, their lifetime is sufficiently long to enable excited 

molecules to engage in chemical reaction (28). 

 (ii) Radiative processes: An electronically excited metal complex can 

return to the ground state by emission of a photon. If the multiplicities of 

ground and excited states are equal, the emission is called “fluorescence”, 

if different it is called “phosphorescence”. Fluorescence is relatively 

uncommon in transition metal complexes (33). If the ion is paramagnetic, 

intersystem crossing will lead to significant population of one or more 
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spin-forbidden excited states which can subsequently decay to the ground 

state via phosphorescence. 

 Figure (1.2) shows the most important processes which occur in the 

excited state of metal complexes (35). 

Where:    S0   is singlet ground state 
                S1 and   S2 are the singlet first and second excited states 

                 T1, T2   are the first and second triplet state 

Figure(1.2):  Deactivation process for an excited molecule(Jablonski 
diagram) (35) . 
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1.6.2. Photochemical Processes: 

The photon excitation of coordination compounds may cause a 

number of different reactions whose nature depends on the type of the 

metal atom and the ligands involved, the wavelength of irradiation and 

other experimental conditions. 

 The photochemical reactions may be classified into four main 

types: 

(i) Photochemical oxidation-reduction reaction: 

In a large number of photochemical processes, the overall results 

are the reduction of the metal and oxidation of one or more ligands. 

Examples are reactions in equations(36) (1.6) and (1.7) 

 

 [ ] [ ] ClNHCoClNHCo v +→ ++ 2
53

h3
53 )()(                                   (1.6) 

 [ ] [ ]
−

−−





+→

2

42
2

242
3

342

.
)()( OCOCFeOCFe vh                             (1.7) 

  

 In reactions shown in equations (1.6) and (1.7) the primary 

photochemical process is thought to be the scission of metal-chlorile and 

metal oxalate bonds in   (Co-Cl) and (Fe-C2O4) respectively. Benzene 

thiolatobis- (dimethylglyoximato) pyridine cobalt (III), 

[Co(dmg)2Sph(py)], photochemically forms the appropriate cobalt (II) 

complex [Co(dmg)2py] with concomitmant formation of benzene thiolate 

radicals (ph.S) by homolytic scission of cobalt-sulfur bond (37) as shown 

in equation (1.8). 

 

 [phS - Co(dmg)2py] 
hv →  [Co(dmg)2py] + ph

.
S                            (1.8) 

 

III  II  
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The generation of methoxy free radical (CH3) from the 

photochemical decomposition in different solvents of vanadium (v) 

species has been studied (38). Irradiation of [VO+5LOCH3] with λ =265nm 

has led to the redox reaction according to chemical reaction described in 

equation (1.9) below.  

       
V5+OLOCH3

  hv
 V4+OL +  O. CH3

                
       (1.9)

  

(Where L is a tetradentate Schiff base ligand). 

 

(ii) Photosubstitution reaction: 

Excitation of coordination compounds may lead to ligand exchange 

reaction such as that shown in equations (1.10) and (1.11): 

 Cr(CO)6 + Py 
hv →  Cr(CO)5 py + CO                                                  (1.10) 

 [Cr(NH3)6]
3+ + H2O 

hv →  [Cr(NH3)5H2O]3+ + NH3                             (1.11) 

 

Photochemical ligand -exchange reaction are particularly common 

in metal carbonyls and their derivatives. Moggi and co-warkers(39) have 

reported the photosolvation of cobalt (III) complex via irradiated with 

UV-light. 

[Co(CN)6]
3- + H2O [Co(CN)5(H2O)]2-+ CN-

(1.12)hv
 

 Some photosubstitution reactions could occur in aqueous solution 

involving anionic ligands, as shown in equation (1.13). 

 [Co(CN)6]
3- + I− hv →  [Co(CN)5I]

3- + CN-                                  (1.13) 

The reaction seems to involve primary photodissociation process, 

yielding [Co(CN)5]
2- which is then scavenged by the coordinating  iodide 

anion(33). 
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 (iii) Photochemical isomerization and racemisation reactions: 

A number of optically active coordination complexes exhibit a 

tendency to racemise photochemically. The chromium (III) acetylonate, 

Cr(acac)3, is one of this type of complexes. Irradiation of dextro Cr(acac)3 

with visible light of  λ = 546 nm has been reported the conversion  (with 

high quantum efficiency) to the levo form(40) as shown in equation(1.14). 

               

Cr(acac)3 Cr(acac)3
dextro levo

                                                 (1.14)
hv

 

Balazani and co-warkers(41) have shown that linkage 

photoisomerization could occur in the Co(II) complexes containing  the 

NO2 group as shown in equation(1.15): 

          

 
[(NH3)5Co-NO2]

2+ light
dark

[(NH3)5Co-ONO]2+                         (1.15)
 

The reaction was found to be reversible; it goes back to the original 

compound in dark place. The photoisomization has been also found to 

occur in octahedral Pt(IV) and square planar Pt(IV) complexes(42).  

 

 (iv) Photocatlytic reactions: 

Photocatalysis reaction, and a number of reactions described in the 

literature as: photoinitiated, light initiated, light accelerated, 

photoenhanced, photosensitized … etc,  one often deal with the same 

aspects(43) considering the comments made by Mirbach(44) and 

Carassiti(45). It is suggested that the above terms have been used to 

distinguish between the different light-induced reactions which lead to 

the catalyzed conversion of diverse substrates. 

 

 



Chapter one Introduction 

 

 ١٤

1.7  The photoinduced catalytic reaction  

          The term implies the photochemical generation of a catalyst from a 

thermally stable and catalytically inactive compound.  The catalyst can be 

a coordinative unsaturated complex species, a free ligand or a complex 

with a changed formal oxidation number. The reaction in equation (1.16) 

is a photochemical reaction and it is unlikely that reaction shown in 

equation (1.17) is an exclusively thermal process. The catalyst is not 

consumed in both reactions. (46) 

A → [C]         (A = coordination compound, [C] = catalyst)        (1.16) 

            S [ ]C →   P    (S = substrate, P = product)                                   (1.17) 
         

  Although light is required to generate the catalyst, other products are 

also formed after the light source is shut off (47). The irradiation of mixed 

ligand azido complexes of nickel (II), palladium (II) and platinum (II) 

into the region of their charge transfer bands are examples of these kind 

of reactions(48). This irradiation leads to the very efficient formation of 

coordinatively unsaturated electron-rich metallo-fragments (49, 50) which 

are catalytically active with respect to oligeomerization or cyclization of 

acetylene and alkyne derivatives, as shown in scheme (1.1). 

 
Scheme (1.1): Photoinduced Cyclotrimerization of acetylene in the 

presence of mixed ligand azido complexes (M:Ni, Pd, 
Pt; L; Mono-and diphosphane ligands) (50). 
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The coordination compound is not consumed in this process. The 

catalyst can react with the substrate either by thermal or by further 

photochemical activation as shown in equations (1.18) and (1.19). 

 A    →    [C]                                                                                  (1.18) 

 [C] + S → P + A                                                                       (1.19) 

 

Unlike photoinduced catalyst reactions, photoassisted reactions do not 

proceed without continuous irradiation. 

 The oxidation of ethanol to acetyldehyde with simultaneous 

reduction of H+ to hydrogen through photoassisted reaction by vanadium 

(III) complexes has been  reported .The reactions are  shown in equations  

(1.20) and (1.21)(51) below. 

 

 V3+ 
hv →  [V] *3+ + C2H5OH → CH3CHO + V2+ +2H+                   (1.20) 

 2V2+ 
hv →  2 [V]*2+ + 2H+ → H2 + 2 [V]*3+                              (1.21) 

 

Scheme (1.2) provides an illustration to differentiate photoinduced 

catalyst and photoassisted reactions (47). 
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where M 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 photoinduced catalyst (I) 
and photoassisted reaction (II) (47) . 

 

 

 

1.8 Photochemical application of transition metal 
chelate complexes   

The photochemical activity of some chelate complex has found 

many interesting applications. These are: 

 

(i) Photoinitiator of free radical polyerization and photocrosslinking 

agents: 

A wide variety of coordination compounds has been investigated in 

terms of their photoinitiated polymerization reaction (52-54). 

S 

P 

I X + M Ln 

S 

S 

II 

II 

P 

P 

[ML nX] 

[ML nX] *′ 

[ML nX] * 

h.v 
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 Photoinitiation by chelate complex probably constituted from the 

original work of Bamford and Ferrer(55). The authors have shown that 

[Mn III (acac)3] photosensitize by the free radical polymerization of methyl 

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

from the ligand in chelate complex are responsible for the initation 

process, according to the following equation (1.22): 

Mn
III

(acac)3  +  hv [ Mn
III

(acac)3]
* → Mn

II
(acac)2 + acac (1.22)  

 

Vanadium inelates, such as chloro-bis-(2,3-pentane-dionato) 

vanadium (V)(56) and alkoxo - oxobis (8-quinolinolato) vanadium (V)(57) 

can initiate a free radical polymerization in the presence of light. 

Vanadium chelate-containing polymers can also be used to polymerize 

grafts and used as a cross linking (58) compounds. A new type of 

polyolefin (V) chelate complexes, such as oxo-tris-

(diakyldithiocarbamato) vanadium (V), VOCS2CN(CH3)2)3 was reported 

(59) as photoinitior for the polymerization of styrene  (at λ = 365 nm.). 

Spectroscopic analysis has shown that initiation occurred predominately 

through the scission of the (-SC(S)N(CH3)2) ligand with reduction of 

vanadium (V), and VO(S2CN(CH3)2 was the final photolytic product. 

Recently, a chloro - oxobis - [(N, 4 – bromophenyl) salicydereiminato] 

vanadium (V), VOL2Cl and its methoxy derivative VOL2OCH3, were 

used as photo and thermal initiators. Vinyl polymerization, derived from 

Schiff base vanadium (V) chelate complexes which were capable of 

initiating free radical polymerization of styrene and methyl methacrylate 

monomers at 25 oC and the incident light of wavelength 365 nm(60).  
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(ii) Photosensitizers: 

Chemical conversion and storage of solar energy has drawn a lot of 

attention for converting solar energy to fuel (61). Photochemical reduction  

of CO2 and water cleavage to hydrogen and oxygen were the most 

promising approaches of photochemical conversion and storage of solar  

energy (61). Because neither CO2 nor H2O molecules absorb light in the 

visible solar spectrum (62), photosensitizer was needed to approach these 

processes. Ruthenium tris (bipyridyl) chelate complex [Ru(bipy)3]
2+ has 

been extensively used as sensitizer for photochemical water cleavage to 

give H2 and O2 on exposure to visible light(63). Another study was made to 

photoreduce CO2 in aqueous solution, to formic acid and formaldehyde, 

by hydroxo-oxobis(8-quinolyloxo) vanadium (V), (VOQ2OH), as 

photosensitizer complex(64). 

 Metal chelates, such as VIII  (acac)3, FeIII  (acac)3, and CoIII  (acac)3, 

were also used as sensitizer in a photogalvanic system to convert light 

energy to electrical energy(65-67). 

 

(iii) Photostabilizer for polyolefins: 

The photo-oxidation of polyolefin generated hydroperoxide, 

alcohol and various types of carbonyl groups in the polymer, as they were 

exposed to sunlight. A carbon centered radical (R.)  in the amorphous 

regions of the polyolefin rapidly combined with oxygen which permeated 

the amorphous regions to give a preoxy radical (RO.
2), this reacts quite 

slowly by hydrogen abstraction from C-H site on the backbone to 

generate a pendant hydroperoxide group (ROOH) and fresh carbon center 

which restarts the cycle as shown in reactions (1.23) and (1.24) (68). 
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 R
.
 +  O2 

KOX →   RO2
.
                                                   (1.23) 

RO2
.
 + RH 

KP →  ROOH  + R
.
                                       (1.24) 

 

The net effect of chain reaction was the consumption of O2 and polymer 

and building up of hydroperoxide. Many Schiff bases oximes and 

Substituted salicylate chelates of transition metals have been studied as 

inhibitors of the photochemicaloxidation process in polyolefins. Nikel (II) 

metal chelate complexes of the type: 

  
                                       (NiOX) 

 

have proven to be effective quenchers of excited states and the hydrogen 

peroxide decomposers which were the main precursor of the 

photodegredation process. In photo-oxidation, chelates of the type 

(NiOX) have been shown to reduce the rate of radical initiation by 

absorbing UV light and functioning as an antioxidant (69). Co(II) 

scalicylaldehyde oxime chelates were also considered as an effective 

singlet oxygen quenchers(70), and therefore they showed good stabilizing 

properties against photodegradiation of polyolefin. 

(iv) Photocatalysts for organic synthesis: 

Photochemical reaction of organic compounds catalyst by 

transition metal complexes received a great deal of attention in the last 20 

years, (71,72). Metal chelates complexes have been shown to have some 

catalytic effects on photochemical isomerization rearrangement and 

hydrogenation of olefins and polyolefines(73). UV-irradiation of 3-chloro-

1-butene, in presence of Cu(OAC)2 or Cu(acac)2, induced the 
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photoisomerization of the substrate to give 1-chloro-2-butene as shown in 

equation (1.25): 

  

                                          [X = (OAC), (acac)] 

 

The photochemical oxidation of tetraline (1,2,3,4-tetrahydronaphthalene) 

was catalyzed by Fe(acac)3
(73)

  as shown in equation(1.26): 

 

 

  

The results showed that the addition of Fe(acac)3 enhanced the rate of the 

photoinitiated reaction and this effect was more pronounced with 

increasing temperature. The effect of Co(III), Co(II), Fe(II) and Mn(II) 

chelate complexes on the photochemical oxidation of aromatic 

hydrocarbons has also been investigated(74).  

The photochemistry of chelate complex tris(ethylxanthato) 

cobalt(III), Co(etx)3 and tris(dietheyldithiocarbamato) Cobalt (III), 

Co(dtc)3 was studied in several  organic solvents. Monochromatic light of 

wavelength 365nm was used for the irradiation process at 250C. UV-

visible spectral changes and other observations have indicated an intra 

oxidation – reduction reaction occur during the photolysis of   Co(etx)3 

and Co(dtc)3 complexes , with hemolytic scission of Co-S bond .  

The quantum yields (Qd), rate of photodecomposition and 

reactivity ratio (K2/K-1), were determined in each solvent. These values 

(1.25) 

(1.26) 
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were found always to increase as the polarity of the solvent increases and 

follow the order (75): 

DMSO < Me < Ac < Py< Be 

1.9 Chromium complexes  

The photochemistry of chromium coordination complexes in 

solution has been well investigated (76). 

The luminescence of Cr(III) complexes have been studied(77,78) and 

a preliminary investigation of the partial photoresolution of some exalato-

complexes of Cr(III) at room temperature has been published (79) . The 

first investigation of the photochemical behavior of chromium (VI) 

species was reported by Eder (80).  

The effect of light on aqueous solution of Cr(II) was first reported 

by Dain and co-workers(81).  They found that the absorption of ultraviolet 

light (200-350nm) by aqueous solution of CrSO4 caused the evolution of 

hydrogen gas and the formation of equivalent amount of chromic ion .In 

chromium carbonyls and complexes which contain π-bonding organic 

ligands, the chromium atoms are in low positive, zero, or low negative 

oxidation states, and the photochemistry (as well as the general 

chemistry) of these compounds were quite different from that of the 

"normal" Werner complexes.  

 

1.9.1 Photochemistry of Some chromium (III) Complexes 

The classification of the excited states in organometallic 

compounds as ligand field , charge transfer , ligand –centered , and metal 

–metal was based on the assumption that molecular orbitals in these 

complexes have very large contribution from either metal or ligand 

orbitals (82) .  Although such classification can be applied to Werner – type 
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complexes of the first and second row transition metals, organometallics 

were highly covalent compounds and the "metal-centered" d orbitals have 

considerable ligand character. The mixing ligand character in the d 

orbitals has an important effect on the transition probabilities: ligand field 

transitions have extinction coefficient in the range of thousands. 

In other aspects, the pseudo ligand field states of organometallic 

compounds behave in manner that born strong resemblance to those of 

more simple coordination complexes (83).  

In photoreactive transition- metal coordination complexes, the 

population of metal –centered excited states induced the reorganization of 

coordination sphere that were photosolvation, photoracemization, and 

photoanation reaction. The dark reaction of the d3 and d6 metal ions, such 

as Cr(III), Co(III), and Rh(III), were  slower  than the corresponding 

photochemical processes faciliting the photochemical studies and 

interesting experimental information has been obtained with their acido-

ammine (or amine) complexes. The photochemical equation processes of 

Cr(III) were different from the thermal equation reaction with regard to 

the type of ligand labialized and the reaction stereochemistry . 

[Cr(NH3)5X]+2
 ions exhibited two photoprocesses : the photoequation of 

ammonia as in equation(1.27) and the photoequation of the acido ligand 

as in equation(1.28) 

 

cis-Cr(NH3)4(OH2)X
2+ + NH3

Cr(NH3)5(OH2)
3+ + X-

         (1.27)

              (1.28)

Cr(NH3)5X
2+

 
 

Although the equation of ammonia (equation 1.27) , has the largest 

yield of the two photoprocesses , equation(1.28) of X-  was the only 

thermal reaction observed with these compounds. The difference between 
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thermal and photochemical reaction can also be illustrated with acido-

tetraammine complexes, such as trans-[Cr(NH3)4(NCS)Cl](84), the thermal 

equation(1.29) is for the hydrolysis of  chloride with retention of the 

configuration:   

trans-Cr(NH3)4(NCS)Cl+ trans-Cr(NH3)4(NCS)OH2
2+  +  Cl-                (1.29) 

 

The photoequation of Cl- and SCN- took place as shown in 

equations (1.30) and (1.31), however, with similar yields and 

configuration inversion (80) 

  

trans-Cr(NH3)4(NCS)Cl+
cis-Cr(NH3)4(OH2)Cl2+ + NCS-

cis-Cr(NH3)4(OH2)NCS2+ + Cl-

    (1.30)

(1.31) 
 

Photolabilization reactions of d6 metal ion complexes , such as 

Co(III),Ph(III).Ir(III) and Ru(III), have been studied to a large extent and 

as a result , there were more information available about these d6 

complexes than for any except for  the d3 transition metal complexes(85). 

A number of systematic features in the ligand field photochemistry of 

Cr(III) complexes led to the formulation of empirical rules known as 

Adamson`s rules (86). The two rules are:  

 1) Consider the six ligands to lie in pairs at the ends of three 

mutually perpendicular axes. The axis with the weakest average ligand 

field will be the one labialized, and the total quantum yield will be about 

that for octahedral complexes of the same average field. 

 2) For a labialized axis with two different ligands, the ligand of 

greater field strength is preferentially equated. 

The application of rule 1 to [Cr(NH3)5Cl]+ (equation 1.27) shows 

that equation of ammonia from the H3N-Cr-NCS axis,  that is , the axis 

with the weakest average field , must be the dominant photoprocess. 

Moreover, trans-diacidotetraammines and cis-diacidotetraammines, that 
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is, CrN4XY+ with N4=(en)2 or (NH3)4 and X,Y=I-,Br-,Cl-,NCS-,N3
-, 

undergo labialization along the X-Cr-Y axis according to rule 1. For 

trans-[Cr(NH3)4(NCS)Cl]+ the photoequation of NCS- has a larger yield 

than the photoequation of Cl-(equations 1.30 and 1.31) in good agreement 

with both rules. The rules have less than general validity within the 

family of Cr(III) compounds. This is illustrated by the photochemical 

behavior of trance-[Cr(en)2F]2+, were the photoequation of 

ethylenediamine was the main photoprocess(86) .  

                                                                                                                                                                                                                                              

 

1.9.2 Photoreactive excited states of Cr(III) complexes  

A typical absorption spectrum of a Cr(III) complex having 

practically octahedral microsymmetry is sketched in Figure (1.3). One 

could observes two or three weak bands (Q1, Q2 and Q3 in order of 

decreasing wavelength) with molar extinction coefficients of ~10 ~ 100 

and half widths of ~ 1500 to ~ 2000cm-1 . In most cases, the band Q3 was 

covered by the tail of very intense bands whose maximum was often 

inaccessible. In addition, in the range of 650 – 750 mµ (i.e. on the long –

wavelength tail of bandQ1) there occurred a very sharp and weak band, D, 

with molar extinction coefficient ~1 and half–width of~100 to~200 cm-1. 

This band usually exhibited a vibrational structure(87). 

The attribution of the bands D, Q1, Q2 and Q3 can be given using 

the ligand field theory. The system of energy levels for the d3 

configuration in octahedral symmetry is shown in Figure (1.4).                                         
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Figure (1.3):  Absorption spectrum of a Cr (III) complex having 

practically octahedral microsymmetry(87). 
 
 

  

  
  

 
Figure (1.4):  Energy levels for the d3 configuration in octahedral 

symmetry(87). 
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The ground state was a quartet state (4A2g) which corresponds, in 

the strong –  field parentage, to the one electron configuration 3t2g ; the 

one-electron configurations of the lower excited states are shown on the 

right – hand side the figure.   

Band D corresponds to the transition from the quartet ground state 
4A2g to the lowest doublet states 2Eg and 2T1g which in a pure octahedral 

field and in the absence of spin-orbit interactions are degenerate (87). This 

transition was characterized by the following features: First, it was parity 

– as well as spin – forbidden, so that the corresponding band must be very 

weak; second, it consisted in a spin pairing within the non-bonding t2g 

sub-shell: therefore, the 2Eg excited state must have almost the same 

metal-ligand bond distances as the ground state and thus, the absorption 

band was very sharp; third. The energy difference between the 2Eg and 
4A2g levels is independent of the ligand field parameter ∆, and thus, the 

position of the band was relatively insensitive to the type of ligand.  

The bands Q1,Q2 and Q3 correspond to the parity-forbidden spin-

allowed transitions from the ground state to the excited quartet states 4T2g 

, 4T1g(F) and 4T1g(P), respectively (Figure 1.3). These transitions 

consisted in electron promotions from the non-bonding or slightly π 

antibonding t2g orbitals to the σ-antibonding eg orbitals; therefore, the 

equilibrium distances in the excited states were larger than those in the 

ground state and thus, the corresponding absorption bands were broad. 

The actual spectral positions of the quartet –quartet bands depend on the 

type of ligand since the energy differences between the quartet excited 

states and the ground state depended on the ligand field strength. 

In the case of complexes of symmetry lower than Oh, the 

octahedral states split and the corresponding bands are expected to split. 

In many cases, however, the splitting cannot be actually observed. In the 

Cr(NH3)5X
2+ complexes (X=Br ,I) , the Q1 band splits , while the Q2 one 
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did not (88,89). In the trans-[Cr(en)2X]2+  complexes (X=OH,H2O, F, Cl ,Br 

,I) , one band was clearly resolved , while only on ill-defined shoulder 

was generally observed in the other band (89,90). In cis-[Cr(en)2X2]
2+, no 

splitting could be observed(90) . Predications and explanations of the 

splittings have been given by various authors(87,88-92), using ligand field or 

molecular orbital models, the state designations given above could not be 

apply to non- Oh complexes , although they were often used in general 

sense. 

While the ligand field band of Cr(III) complexes have been 

extensively investigated , scarce information existed concerning their 

charge transfer bands. Besides the more common (ligand        eg (metal)) 

transitions, the occurrence of vacancies in the  "metal" t2g orbitals would 

make (ligand        teg(metal)) transitions possible. Except for a systematic 

shift to shorter wavelength, the charge transfer bands of the 

halophentannine chromium (III) complexes were not available. 

According to Orgel(93) , which was suggested that in the chromic 

complexes the t2g orbitals were not used in the lowest LMCT transitions , 

presumably because the energy required for spin pairing of the electrons 

in the t2g orbitals more than balance the extra energy obtained by putting 

an electron in one of the stable orbitals. This was consistent with the fact 

that chromous complexes were usually spin-free. As an alternative 

explanation, the observed bands correspond to transitions to the t2g 

orbitals, while the transitions to the high-energy eg orbitals lie in the far 

ultraviolet. 

 The values of optical electronegativity given by Jorgensen (94) were 

1.8 and 1.0-1.3 for the t2g and eg orbitals, respectively, compared with the 

value 1.6-1.9 given for the cobalt(III)eg orbitals. 
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1.10 Aim of The Present Work  

The photochemistry of metal chelate complexes have attracted 

considerable attention in the last three decades(57), because of their 

interesting applications in the photoinitiation of vinyl polymerization and 

photocross-linking(58), the photostabilization of polyofines and 

photoinduced degradation of polymers(69), the photochemical storage of 

solar energy as in water splitting process(63) and photofixation of carbon 

dioxide(64). 

In the present work we prepared tris(alkylxanthato)chromium(III) and  

intended to study the photochemistry of these complexes in dimethyl 

sulfoxide. 

 These complexes might be useful in many applications. Moreover, 

metal chelate with metals at high oxidation state is active in the 

enhancement of photodegradation of plastic and therefore, might serve as 

photocatalyst to treat the plastic waste pollution problem (75). 

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

also studied.  

 This work also deals with the photochemical reaction and 

determination of quantum yields and reactivity ratios of the 

photodecomposition processes of the different complexes in DMSO.  

 Spectroscopic methods have been used for the elucidation of the 

photochemical reactions, and determination of the quantum yields of the 

photochemical decomposition processes. 
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Chapter Two 

Experimental 

 

2.1 Chemicals 

The chemicals in this work were used, without any further 

purification. The chemicals are listed in Table (2.1) along with their 

suppliers and purities:  

Table (2.1): Chemicals and their suppliers and 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 
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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 (250-4000) cm-1 cut 

were recorded as KBr and / or CsI discs on Shimadzu Spectrophotometer 

FTIR model 8300 (Japan). 

b) Ultraviolet –Visible Spectroscopy (UV) 

The UV-Visible spectra were measured using Shimadzu UV-VIS 

model 1650PC A-Ultraviolet Spectrophotometer in the range (200-900) 

nm (Japan). 

c) Magnetic Susceptibility Measurements 

The magnetic susceptibility values of the prepared complexes were 

obtained at room temperature using Magnetic Susceptibility Balance of 

Bruke Magnet B.M.6 (England). 

d) Melting Points 

Stuart Scientific melting point apparatus was used to measure the 

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

The photolysis apparatus ( Iwasaki Electric Co., Ltd.) was used for 

irradiation of all prepared complexes(Japan). 

f) Atomic absorption measurements 

Atomic absorption measurements of the prepared complexes were 

obtained at 250C using Atomic absorption apparatus of Shimadzu 680cc-

flame (Japan). 

g) Conductivity measurements 

The molar conductivity values of the prepared complexes 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 described by Malik 

and coworkers (95). A 0.25 mole of potassium hydroxide was added to 0.2 

mole of absolute methanol. The mixture was stirred for three minutes. 

 The reaction mixture was led to settle. The unreacted potassium 

hydroxide was removed by decanting. A 0.2 mole of carbon disulfide was 

added gradually to the solution with cooling and stirring in an ice bath. 

The yellow pasty product was washed with petroleum ether, filtered and 

dried at room temperature for 24 hours to get yellowish crystals(yield 

1.5021g ). The melting point, FTIR spectrum, Magnetic Susceptibility 

and UV-Visible spectrum were measured . 

The same procedure was used to prepare potassium ethyl xanthate 

(PEX) (yield 3.510g), potassium isopropyl xanthate (PPX) (yield 4.103g), 
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potassium butyl xanthate (PBX) (yield 1.0499g )and potassium hexyl 

xanthate(PHX) (yield  1.031g ) using the appropriate alcohol. 

 

2.3.2 Preparation of tris(metylxanthato) chromium (III) 

complex , Cr(mex)3 

 It was not possible to prepare the C
II

r(mex)2complex to compare its 

spectrum to that of C
III

r(mex)3 after irradiation, because Cr (II) is readily 

oxidized to Cr (III) during complexation. Ligands containing the CS2 

moiety are known to form stable Cr (III) complexes and generally the Cr 

(II) complexes, if formed are difficult to isolate (96) 

Cr(mex)3.3H2O was prepared using method described by Al-

Kassar(97) as follows . To 5 ml of a methanolic solution of 0.01 mole 

CrCl3.6H2O, a 0.03 mole of potassium methyl xanthate (dissolved in 

small amount of methanol) was added. This mixture was stirred until a 

deep green as in crystalline solid was obtained. The product was 

crystallized from a mixture of petroleum ether. The recrystallized 

material dried at room temperature for 24 hours to yield deep green 

crystals of Cr(mex)3 (yield  0.7247g). 

The above method was used to prepare the following complexes, 

however they gave different colored crystals.   

- Tris (ethylxanthato) chromium (III) complex   Cr(etx)3 (yield 1.150g ).  

- Tris (isopropylxanthato) chromium (III) complex Cr(prx)3 (yield 

0.354g).  

- Tris (butylxanthato) chromium (III) complex   Cr(bux)3 (yield 0.2670g ). 

- Tris (hexylxanthato) chromium (III) complex   Cr(hex)3 (yield 0.189g ). 
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2.4 The Photolysis Apparatus 

The photolysis apparatus used in this work shown is Figure (2.1a). 

The apparatus is consisted of high pressure mercury lamp (1000 W. 

Iwasaki Electric Co., Ltd., Japan) and collecting quartz lens. The lamp 

was installed in a fixed vertical position, while the lens was adjusted to 

produce efficiently parallel beams of light. The light was passed through 

a glass filter. This filter had been calibrated with the aid of Perkin Elmer 

1301 UV-visible double beam spectrophotometer. Calibration has shown 

that the transmitted light was predominately in wavelength range (230-

400 nm). The transmitted spectrum of the filter is shown in Figure (2.1b). 

The distilled water bath was kept at room temperature. 

 

 

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

 
 

Figure (2.1): (a) Photolysis apparatus set up and (b) Filter 

transmittance spectrum 

 

2.5 Incident light intensity measurement  

The intensity of the incident light (I0), was measured by the use of 

potassium ferrioxalate actinometer method as described by Hatchared and 

Parker (98). 

The actinometer solution (6×10-3 mol/l) was prepared by dissolving 

(3 gm.) of K3Fe(C2O4)3.3H2O in 800 ml of distilled water. A 100 ml of 1 

N of H2SO4 solution was added and the whole solution was diluted to one 

letter with distilled water. The actionmeter solution absorbs 100% of the 

incident light at λ = 311 nm. 
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 The light intensity measurement involves irradiation of the 

actinometer solution for a known period of time 3 minutes. Ferrous ion 

concentration was estimated spectrophotometrically using 1,10-

phenanthroline (0.1 %) as complexing agent. According to Hatchard and 

Parker ferric ion is reduced to ferrouse ion (Fe3+ → Fe2+) using 

hydroxyl ammine solution reagent. 

 A phenanthroline complex is formed with Fe2+ which strongly 

absorbs at 510 nm. For Fe2+ formation, the quantum yield was known to 

be equal to 1.21(98). 

 The intensity of incident light (I0) was calculated according to the 

following method (99). A 3 ml of actionmeter solution was irradiated in the 

irradiation cell. A stream of nitrogen bubbles in the solution was used to 

remove the dissolved oxygen gas. 

After illumination, a 1 ml of irradiation solution was transferred to 

25 ml volumetric flask, 0.4ml of hydroxyl ammonium chloride solution, 2 

ml of 1, 10-phenathroline solution and 0.5 ml of buffer solution were 

added to the flask, and then diluted to 25 ml with distilled water. Blank 

solution was made by mixing 1 ml of unirradiated mixture solution with 

other components. The solution was left in dark for 30 mins.  and then 

optical density (at λ = 510nm) was measured. The intensity of incident 

light was then calculated using the relationship (99) in equation (2.1) 

below: 

 
dtV

NVA
I

××××
××

=
Α

1

2
0 εφλ

  Einstien l-1.sec-1.,                       (2.1) 

Where: 

 I0 = Incident light (Einstien l-1.sec-1) 

  A = Absorbance at (λ =  510nm) 

         V2 = Final volume (25 ml)   
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 φλ = Quantum yield =1.21  

 ε = Molar extension coefficient (slope of the calibration curve),  

         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 used for irradiated 

samples.  A calibration curve for Fe2+ was obtained using the following 

solutions: 

1- 4×10-4 mol/L of FeSO4 in 0.1 N H2SO4. 

2- 0.1 % w/v phenanthroline monohydrate in water. 

3- Hydroxyl ammonium chloride solution was prepared by dissolving 

10g of hydroxyl ammonium chloride in 100ml of water. 

4- Buffer solution was prepared from mixing 600 ml of 1N sodium 

acetate with 360 ml. 1 N H2SO4 diluted to 1 litter. 

  Solutions of different concentrations of Fe2+ (ranged from 5.0 × 

10-6 - 1 × 10-4  M)  were prepared from solution (1) by taking different 

amounts in 25 ml volumetric flask, and each of the followings were 

added: 

(a) a 0.4ml of hydroxyl ammonium chloride  (b) a  2 ml Phenanthroline 

solution, (c) a 5 ml of buffer solution, (d) a 0.1 N H2SO4 to make the 

volume equal to 10 ml, diluting the whole solution with distilled water. 

The volumetric flask was covered with aluminum foil, and was kept in a 

dark for 30 minutes before the optical densities at λ = 510 nm were 

measured. A blank solution was used as a reference, which contained all 

ingredients except the ferrous ion solution. 
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 The plot of optical density versus ferrous ion concentration was a 

straight line as shown in Figure (2.2)  . The slope of the line represents 

the extinction coefficient of FeSO4 solution which was equal to 

(ε=1.1027×104 mol-1.L.cm-1. This value is in good agreement with that 

reported by Hatchared and Parker (98).  

 

 

 

Figure (2.2):  Calibration curve for Fe(II) complex at 510 nm. 
 

 

 

 

 

2.6 The photodecomposition rate of complexes using 

Ultraviolet –Visible spectrophotometer 

The absorption spectrum of each ligand and its complex was 

measured in the range of (200-600) nm. The λmax of each complex was 
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recorded .The photodecomposition of the complexes at λmax. at room 

temperature in the proper solvent was followed with time using a covered 

quartz uv-cell of 1cm bath length. A known concentration of complex 

solution in the proper solvent was introduced in the cell after degassing 

by nitrogen for 20 minutes. The cell was closed tightly and the 

absorbance was recorded. Pure DMSO solvent was used as a reference in 

order to study the kinetic of photodecay of the different complexes. The 

absorbance at infinite time (A∞) was measured after the solution was 

irradiated for at least 10 half live of complex decomposition (more than 

50 hours). The specific rate constant of the decomposition of the complex 

(Kd) was determined by the following first order equation (75): 

 ln(a- x) = ln a - Kd t                                                                       (2.2) 

Where: 

 a = Concentration of complex before irradiation. 

 x = Concentration of complex after t = time of irradiation. 

 t = Time of irradiation of complex solution. 

 A0 =  Absorbance of complex before irradiation. 

        At =  Absorbance of complex after irradiation time 

          ε = Molar extension coefficient 

 a = (A0 - A∞ ) / ε,    x = (A0 - At) / ε,    a - x = (At - A∞) / ε . 

 By substitution of a and a - x in equation (2.2) and rearrangement  

 ln (A t-A∞) =ln(A0 - A∞) - Kd t                                                      (2.3)    

Thus a plot of ln |At - A∞| versus irradiation time (t) gives a line 

with a slope equal to Kd (S
-1) 

The rate of photodecomposition (Rd) was calculated for each 

complex using the following equation (75) :  
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                     Rd = Kd × [concentration of complex]   

 

2.7 Decomposition Quantum yields (Qd) 

 For determination of the quantum yield, reactions are carried out in 

closed quartz uv-cell of 1cm bath length so that the quantum input could 

be measured precisely; the absorbance measured by the technique as 

described below. 

 A knowledge of the incident light intensity (determined by 

actinometry using the method of Hatchard and Packer (98) and the 

extinction coefficient of the compound enable the quantum input(Iabs) to 

be calculated . 

 The quantum yield of photodecomposition (Qd) is defined by: 

 

                   

__________________________
Rate of photodecomposition

Quantum input
Qd  =

 

for each complexes using the following equation (2.4) (21): 

Qd = Kd × [conc.] / Iabs                                                (2.4) 

The quantum yield was plotted against the number of alkyl group 

of each complex. 

The reactivity ratio (Rr) (K2/K-1) was also calculated for each 

complex using the following equation (21):  

Rr = Qd/ 1- Qd        
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Chapter Three 

Results & Discussion 
 

 

3.1 Preparation of ligands  

 Potassium methyl xanthate, potassium ethyl xanthate, potassium 

isopropyl xanthate, potassium butyl xanthate, and potassium hexyl 

xanthate ligands were prepared according to the chemical reaction as 

shown in equation (3.1) 

ROH  +  CS2  +  KOH  R OC

S

SK

Ice bath (3.1)+   H2O

Where:  R = CH3-, C2H5-, C3H7-, C4H9-, or C6H13- 

 

The reaction was one to one (1:1) stoichiometry. An excess of KOH 

solution was added to ensure complete reaction. 

 

3.2 Preparation of complexes   

        Tris(methylxanthato)chromium(III),tris(ethylxanthato)chromium(III), 

tris(isopropylxanthato)chromium(III), tris(butylxanthato)chromium(III), 

and tris(hexylxanthato)chromium(III) complexes were prepared according 

to the chemical reaction as shown in equation (3.2)  

 

S

SK

+    Cr Cl3 .6 H2O

S

S

C OR(ROCS2)2Cr3ROC    (3.2)+ 3KCl 6H2O+

  

The stoichiometry of the above reaction was 3: 1 with respect to 

ligand and metal salt, respectively  



Chapter Three     Results& Discussion   

 

 ٤١

3.3 Physical properties of prepared ligands and 

complexes  

 Table (3.1) lists some of the physical properties of ligands and their 

complexes.  

 

Table (3.1): Some physical properties of the prepared ligands and 

complexes 

Compound  Color Melting point 0C M calc.% M found % 

PMX  Yellow  215-218  - - 

Cr(mex)3 Deep green >300* 2.53 3.84 

PEX  Light brown  108-110  - - 

Cr(etx)3 Greenish blue >300 3.27 4.20 

PPX  Yellowish white  208-210  - - 

Cr(prx)3 Light blue >300 6.51 7.32 

PBX  Yellowish white  198-200  - - 

Cr(bux)3 Light blue >300 5.34 6.13 

PHX  Yellowish white  210-212  - - 

Cr(hex)3 Light grey >300 4.88 5.10 

* didn’t melts below 300 0C    

 

The color of these ligands was all yellow but with different levels. 

The color of the prepared complexes has ranged from deep green to light 

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

However, the melting points of the complexes have be not recorded 

because they did not melt below 300 0C. The data of metal were obtained 
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using flame atomic absorption technique. The calculation values were in a 

good agreement with the experimental values.  

    

3.4  Magnetic susceptibility and molar conductivity 

measurements 

The Experimental magnetic moment for each complex is listed in 

Table (3.2). Magnetic measurements are commonly used in studying 

transition metal complexes (100). The magnetic properties are due to the 

presence of unpaired electrons in the partially filled d-orbital in the outer 

shell of that element. Theses magnetic measurements give an idea about 

the electronic state of the metal ion in the complex. 

The resultant magnetic moment of an ion is due to both orbital and 

spin motion (101).  The magnetic moment is given by the following 

equation (102):  

 

µS+L = )1()1(4 +++ LLSS B.M 

µ = Magnetic moment  

S = Spin quantum number 

L = Orbital quantum number 

B.M. = 9.27 × 10-24 J. T-1 

 

Although detailed determination of the electronic structure requires 

consideration of the orbital moment. However, for most complexes of the 

first transition series the spin – only moment is sufficient, if the orbital 

contribution is small (103), therefore:  
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µS = )1(4 +SS  B.M., 

or 

µS = )2( +nn  B.M. 

S = n (1/2) 

S= Spin multiplicity  

n = Number of unpaired electrons. 

 

The value of magnetic susceptibility of the prepared complexes at 

room temperatures was calculated using the following equation: 

      µS = T×Α  X    

      XA = Xm + D 

      Xm = Xg . Mwt  

Where: 

XA = Atomic Susceptibility 

Xm = Molar Susceptibility (corrected) 

Xg = Mass Susceptibility 

Mwt = Molecular weight of complex 

D =  Diamagnetic correction factor ×10-6   

T = Temperature in Kelvin (0C + 273)  

B. M = Magnetic moment unit (Bohr magneton)  

 

The observed magnetic moments for the prepared Cr(III) 

complexes is shown in Table (3.2). Theses values are typical of high spin 

octahedral complexes of Cr(III)(104). These values were in a good 

agreement with that given by Kazzer et al. for the Cr(etx)3 which has been 

reported to be 4.18 B.M.  However, the value for Cr(mex)3 was reported 

to be 3.89 B.M. (105)  compared to our value of  4.20. The values of the 

molar conductivity measurements in DMSO solvent at 250C in Table (3.2) 
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showed, that tris(alkylxanthato)chromium (III) complexes were non-

electrolyte  

 

 

 Table (3.2):  Magnetic Moment and molar conductivity  Measurements 

of complexes 

complex  
Magnetic Moment 

(B.M) 

Molar conductivity  

Ohm-1cm2mol-1 

Suggested 

Structure  

Cr(mex)3 4.20 18 octahedral 

Cr(etx)3 4.18 17 octahedral 

Cr(prx)3 4.15 10 octahedral 

Cr(bux)3 4.12 16 octahedral 

Cr(hex)3 4.16 13 octahedral 

 

3.5  FTIR Spectra for ligands and their complexes  

 The FTIR spectra of the prepared potassium alkyl ligands and their 

chromium complexes are shown in Figures (3.1-3.10) for comparison. 

The FTIR spectra of the chromium complexes were run on both KBr and 

CsI discs.  This is because the absorption bands below 500cm-1 were weak 

with CsI disc due to high absorption bands above 500cm-1 as shown in 

Figures 3.2, 3.4, 3.6, 3.8, and 3.10, (a) and (b) for KBr  and CsI discs , 

respectively .  

The main absorption bands for both ligands and their complexes are 

listed in Table (3.3). 

  The absorption bands observed at (1155-1188 cm-1) in the 

spectra of free xanthate ligands were may be assigned to v(O-C-O)  . This 

bands have shifted to higher values of (1226-1250 cm-1) for chromium (III) 
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complexes which range from (44-81cm-1), indicating some involvement of 

oxygen of (C-O-C) in bonding with metals (106).   

    The bands at (1042-1065cm-1) in the spectra of xanthate ligands 

can be assigned to (C-S) stretching frequencies. In the spectra of all 

complexes, theses bands shifted to lower frequencies ranged from (7-

24cm-1) to give absorption bands for the complexes in the range (1032-

1050 cm-1) suggesting that sulphur is involved in bonding to the metal ion, 

this is in agreement with previous earlier assignment (106). Furthermore, the 

occurrence of this single band due to v(C-S) in all xanthate complexes 

showed the uninegetive bidentate behavior of the xanthate ligands (107).  

 The bands at (1105-1145 cm-1) in the spectra of xanthate ligands 

can be assigned to v(C=S). The absorption bands of the v(C=S) for the 

PMX was 1105cm-1 compared to 1145cm-1 for PHX which indicated a 

large shift from methyl to hexyl group in the ligands . This is in agreement 

with that reported previously (108). This has been attributed to the greater 

electron - releasing  tendency o f  the  hexyl  compared to the methyl 

group (108) . In the spectra of all complexes, theses bands shifted to higher 

frequency of (1117-1190cm-1), which represented a shift to longer 

frequency of as much as 62 cm-1. 

 The FTIR spectra of the complexes have shown new bands in the 

range of (347-352cm-1) for all complexes as listed in Table (3.3). These  

bands were assigned to (Cr-S) stretching vibration (109,110).  
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(a) 
 

 
 (b)  

 
Figure (3.2):  FTIR spectrum for tris (methylxanthato) chromium (III) 

complex using (a) KBr (b) CsI discs. 
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(a)  

 

 
(b)  

 
Figure (3.4): FTIR spectrum for tris(ethylxanthato)chromium(III) 

complex using (a) KBr (b) CsI discs. 
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(a)  

 

 
(b) 

 
Figure (3.6):  FTIR spectrum for tris(isopropylxanthato)chromium(III) 

complex using (a) KBr (b) CsI discs. 
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(a)  
 

  

(b)  
 

Figure (3.8):  FTIR spectrum for tris(butylxanthato)chromium(III) 
complex using (a) KBr (b) CsI discs. 
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(a) 
 

(b)  
 

Figure (3.10):  FTIR spectrum for tris(hexylxanthato)chromium(III) 
complex using (a) KBr (b) CsI discs. 
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Table (3.3):   Infrared bands of xanthate ligands and their complexes  

* Not found 

 

3.6 Ultraviolet –Visible Spectroscopy 

The ultraviolet-visible absorption spectra of potassium alkyl 

xanthate (PAX) ligands in DMSO were recorded and shown in Figures 

(3.11a-3.16a). A maximum absorption wavelengths were observed at 

(450-486nm) of moderate absorbance and off-scale high absorbance 

reading below 400nm. These transitions may be attributed to n       π*, and 

π   π* electronic transition respectively. The absorbencies of these 

transitions were employed to follow the decomposition of the complex.  

Although, the  π     π* transition  which occur at shorter wavelength, 

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

Compounds v(C-O-C)cm-1 v(C-S)cm-1 v(C=S) cm-1 v(Cr-S) cm-1 

PMX 1188 1045 1105 * 

Cr(mex)3 1238 1038 1167 347 

PEX 1165 1042 1113 * 

Cr(etx)3 1246 1032 1117 349 

PPX 1155 1065 1123 * 

Cr(prx)3 1227 1041 1141 347 

PBX 1184 1055 1136 * 

Cr(bux)3 1250 1047 1180 352 

PHX 1182 1062 1145 * 

Cr(hex)3 1226 1050 1190 347 
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difficult to follow any decrease in the absorbance. Therefore, the 

decomposition reaction was followed using n       π* electronic transitions. 

    The absorption spectra of tris(alkylxanthato) chromium (III) 

complexes have shown different absorption wavelength from that of the 

free ligand as shown in Figures (3.1b-3.16b). These complexes 

absorbance wavelengths were shifted to different wavelengths than the 

corresponding bonds in their ligands, which appears in the wavelength 

range between  310 to 620nm. These values are listed in Table (3.4). 

 These blue shift may be attributed to the formation of 

chromium(III) complex which was in agreement with the color of the 

resultant prepared complexes as shown in Table (3.3) and their FTIR 

spectra.  

The ligand field electronic transitions between the metal d orbitals 

appear in Cr(III) bands located in the visible region for 

tris(alkylxanthato)chromium(III) complexes at (576-620nm) assigned to 

the transition 4A2g(F)       4T1g(F)  and  (442-460 nm)  assigned  to  the 

transition 4A2g(F)       4T1g(F) and (310-312nm)  4A2g(F)      4T2g(P). These 

transitions are showed in Table (3.4).                                          
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(a) 
 

(b) 
 

Figure (3. 11):   The ultraviolet visible spectrum for a) potassium methyl  
                            xanthate  and b) tris(methylxanthato)Chromium (III)  

complex.   
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(a) 
 

(b) 
 

Figure (3. 12):   The ultraviolet visible spectrum for a) potassium ethyl  
                            xanthate  and b) tris(ethylxanthato)Chromium (III) 

complex.   
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(a) 
 

(b) 
 

Figure (3. 13):   The ultraviolet visible spectrum for a) potassium propyl  
                            xanthate  and b) tris(isopropylxanthato)Chromium (III)  

complex.   
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(a) 

(b) 
 

Figure (3. 14):   The ultraviolet visible spectrum for a) potassium butyl 
                            xanthate  and b) tris(butyllxanthato)Chromium (III)  

complex.   
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(a) 
 

(b) 
 

Figure (3. 15):   The ultraviolet visible spectrum for a) potassium hexyl 
                            xanthate  and b) tris(hexylxanthato)Chromium (III)  

complex.   
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Table (3.4):  Absorption wavelengths of the prepared ligands and 

their complexes 

Ligand wavelength 

nm(cm-1)  
Assigned transition  

complex 

PMX 472(21186) n       π* 

Cr(mex)3 

590(16949) 

 455(21978) 

311(32154) 

4A2g(F)       4T1g(F) 

 4A2g(F)       4T1g(F)  

4A2g(F)      4T2g(P) 

PEX 478(20921) n       π* 

Cr(etx)3 

576(17361) 

450(22222) 

312(32051) 

4A2g(F)       4T1g(F) 

 4A2g(F)       4T1g(F)  

4A2g(F)      4T2g(P) 

PPX 486(20576) n       π* 

Cr(prx)3  

615(16260)  

445(22472) 

310(32258) 

4A2g(F)       4T1g(F) 

 4A2g(F)       4T1g(F)  

4A2g(F)      4T2g(P) 

PBX 481(20790) n       π* 

Cr(bux)3 

603(16584) 

460(21739) 

312(32051) 

4A2g(F)       4T1g(F) 

 4A2g(F)       4T1g(F)  

4A2g(F)      4T2g(P) 

PHX 465(21505) n       π* 

Cr(hex)3 

620(16129) 

442(22624) 

310(32258) 

4A2g(F)       4T1g(F) 

 4A2g(F)       4T1g(F)  

4A2g(F)      4T2g(P) 
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3.7 Photodecomposition of tris(alkylxanthato )chromium 

(III)  complexes  

The primary concern was to follow the spectral changes which 

occurred on irradiation of Cr(Ax)3chelate complex in DMSO. UV-visible 

spectral techniques and FTIR identification methods were used to follow 

the photodecomposition reaction. The uv-visible spectral technique was 

also used to determine the rate of photodecomposition of the chelate 

complexes. 

 

3.8 Spectrophotometeric measurements 

On irradiation of 5×10-5 mol/l Cr(Ax)3 in DMSO at room 

temperature, the complex absorption spectrum changes with the 

irradiation time. A decrease in the absorbance intensity was observed at 

wavelength of its maximum absorbencies as shown in Figures (3.16-3.20) 

for (n    π*) transitions in all prepared complexes. Table (3.5) lists the 

changes in absorbance (At) values with the irradiation time. From these 

changes in absorbance values during irradiation, one could say that the 

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

bond and C
II

r(Ax)2 was formed. 
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Figure (3.16):  Uv-visible spectral changes in the absorbance of Cr(mex)3  
during irradiation; (1) Before irrad. (zero time) (2) After 15 min. (3) 
After 30 min. (4) After 45 min. (5) After 60 min. irrad.  measured 

at λirr.  = 311nm. at room temperature. 

 

Figure(3.17 ):   Uv-visible spectral changes in the absorbance of Cr(etx)3   
during irradiation; (1) Before irrad. (zero time) (2) After 15 min. (3) 

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

30 min. (4) After 45 min. (5) After 60 min. irrad.  measured at λirr.  
= 311nm. at room temperature. 

 

Figure (3.19):   Uv-visible spectral changes in the absorbance of Cr(bux)3    
during irradiation; (1) Before irrad. (zero time) (2) After 15 min. (3) 

After 30 min. (4) After 45 min. (5) After 60 min. irrad.  measured 
at λirr.  = 311nm. at room temperature. 

 

 

 



Chapter Three     Results& Discussion   

 

 ٦٧

Figure (3.20):  Uv-visible spectral changes in the absorbance of Cr(hex)3  
during irradiation; (1) Before irrad. (zero time) (2) After 15 min. (3) 

After 30 min. (4) After 45 min. (5) After 60 min. irrad.  measured 
at λirr.  = 311nm. at room temperature. 

 

 

Table (3.5):  Variation of absorbance with irradiation time of the 

complexes   

 

 

 

 

Irradiation time (sec.) 
Absorbance at λirr.  = 311±1nm for  

Cr(mex)3 Cr(etx)3 Cr(prx)3 Cr(bux)3 Cr(hex)3 

0 1.205 1.037 0.814 0.632 0.459 
900 1.134 0.978 0.786 0.616 0.449 
1800 1.060 0.930 0.741 0.601 0.441 
2700 1.011 0.897 0.717 0.589 0.433 
3600 0.959 0.854 0.687 0.580 0.425 
4500 0.913 0.818 0.657 0.569 0.418 
5400 0.868 0.783 0.630 0.558 0.412 



Chapter Three     Results& Discussion   

 

 ٦٨

The absorbencies at infinite irradiation (A∞) of each compound 

were measured after a period of more than 50 hours. Each absorbance was 

subtracted from (A∞) as listed in Tables (3.6 - 3.10). The natural logarithm 

of each value was taken. To convert the negative values of the resulting 

logarithm, one was added to each value.       

 

Table (3.6):  Natural logarithm of absorbance with irradiation time of   

Cr(mex)3 

Irradiation time(sec.) At (At -A∞) In(A t-A∞) 1+In (At-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 with irradiation time of   

Cr(etx)3  

Irradiation time(sec.) A t (A t -A∞) In(A t-A∞) 1+In (At-A∞) 

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 
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Table (3.8):  Natural logarithm of absorbance with irradiation time of   

Cr(prx)3  

 
Irradiation time(sec.) 

At (At -A∞)  In(A t-A∞) 1+In (At-A∞) 

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 with irradiation time of   

Cr(bux)3  

Irradiation time(sec.) At (At -A∞) In(A t-A∞) 1+In (At-A∞) 

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 with irradiation time of   

Cr(hex)3  

Irradiation time(sec.) At (At -A∞) In(A t-A∞) 1+In (At-A∞) 

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 irradiation time, as shown 

in Figures (3.21-3.25). The slopes of these plots represent the inverse 

photodecomposition rate constant ( Kd ) of each complex . 

 

Figure (3.21):  Plot of  natural logarithm of absorbance against 
irradiation time for Cr(mex)3  
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Figure (3.22: ) Plot of  natural logarithm of absorbance against 
irradiation time for Cr(etx)3.  

 

 

Figure (3.23 ): Plot of  natural logarithm of absorbance against 
irradiation time for Cr(prx)3. 
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Figure (3.24: ) Plot of  natural logarithm of absorbance against 
irradiation time for Cr(bux)3. 

 

Figure (3.25):  Plot of natural logarithm of absorbance against 
irradiation time for Cr(hex)3 .  

 

 

 

 

 



Chapter Three     Results& Discussion   

 

 ٧٣

3.9 Kinetic of the photodecomposition reactions using 

uv-visible spectrophotemetric measurements 

 The change in the uv-visible absorptions spectra during irradiation 

were monitored through the photolysis experiments. The decay of 

tris(alkylxanthato)chromium(III) complexes during the irradiation at  

311±1 nm, was followed by the change in the chelate concentration 

spectrophotometrically. In order to determine the rate of 

photodecomposition of Cr(Ax)3 complexes. From this change, it was 

found that the value of (At-A∞) decreased exponentially with irradiation 

time corresponding to the first order chelate decomposition and was 

consistent with first order reaction.  

  At wavelength 311 ±1 nm , the value of |At-A∞| decreased 

exponentially with irradiation time as summarized in Figure(3.26) for the 

variation of 1+ln(At-A∞) with irradiation time (t) of Cr(Ax)3 complexes. 

The straight lines are consistent with the first order chelate decomposition 

processes. Therefore, from the slopes of these straight lines, the values of 

specific rate constants (Kd) were evaluated. Using the value of (Kd), the 

rate of photodecomposition were calculated (Rate = Kd [Concentration of 

Cr(Ax)3] ) and the quantum yield of this process is deduced. 
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Figure (3.26):  Variation of natural plot logarithm of absorbance with 
irradiation time of the Cr(Ax)3  complexes in DMSO (λirr = 

311±1 nm. at room temperature). 

 

 

The following kinetic equilibria (75) might be followed for the reactions in 

equation (3.1) of scheme (3.1) : 

 

d[Cr(Rx)3]*______________
dt

=Iabs    K -1 [Cr(Rx)3]*
_ _ (3.3)

 

Where Iabs is absorbed intensity radiation. I0  and  Iabs of  DMSO were 

calculated using equation (2.1) and  found to be equal to 1.3891× 10-5  

Ein.l-1.S-1  and  5.114× 10-7 Ein.l-1.S-1, respectively. These values were 

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

 

Qd = rate of photodecomposition /  Iabs                                                                         (3.4) 
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Since the rate of excited state decomposition can be expressed as in 

equation (3.5) is: 

 

d[Cr(Rx)3]*______________
dt

=Iabs  K2 [Cr(Rx)3]*
_ _ K -1 [Cr(Rx)3]*   (3.5)_

 

 

Assuming that the [Cr(Rx)3]
* excited state concentration is fixed, then: 

 

[Cr(Rx)3]* =
Iabs

K -1 + K2

________
(3.6)

 

The value of excited state concentration, [Cr(Rx)3]
*,  in equation (3.6) is 

substituted in equation (3.3), one can get: 

 

_

d[Cr(Rx)3]______________
dt

_ =  Iabs

Iabs K -1

K -1 + K2

_________

=  Iabs
 K -1

K -1 + K2

________1
(3.7)

Then equation (3.4) can take the form: 

 

Rate of photodecomposition___________________________
I abs

Qd  =
d[Cr(Rx)3]______________

dt
_

I abs= (3.8)

 

The value of quantum yield of photodecomposition (Qd) can then be given 

by equation (3.9): 
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=
K -1

K -1 + K2

________Qd (3..9)1 _

 

 or 

=
K 2

K -1 + K2

________Qd (3.10)

  

By rearranging equation (3.9) and equation (3.10), we can obtain equation 

(3.11) for the value of reactivity ratio (K2 / K-1). 

 

            
=

K 2
K -1

________ Qd

1
________

Qd
_ (3.11)

 

Equation (3.11) was used to calculate the reactivity ratio of the 

photodecomposition of Cr(Ax)3 in DMSO. These values are listed in 

Table (3.11). The results of Table (3.11) for the reactivity ratio indicated 

that these values decreased as the number of CH3-group in complexes 

increased and that should be expected since the value of Qd decreased in 

the same manner. This also may be explained as the number of methyl 

group in complexes decreased, the excitation of the complex become 

much easier, i.e., the probability of excitation (ε) became larger compared 

to longer saturated alkyl chain (111). However, the small difference in the 

above values between the ethyl and the isopropyl group ligands may be 

due to the similarity in the spacial configuration of the two-alkyl group. 

Therefore, the concentration of the populated excited state will be larger 

for the small alkyl containing complexes (equation 3.1 in mechanism 

Scheme (3.1)). Consequently, the photodecomposition step (K2) which 

dependent on the concentration of excited state will be larger for the less 

number alkyl group containing complexes.   
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Table (3.11):   Specific rate constant (Kd) , photodecomposition 
constant (Rd), the quantum yield (Qd)  and the reactivity ratio (Kr) for 

different complexes in DMSO (Irradiation wavelength 311 ± 1) . 
 

Complexes  
Concentration  

10-5M 
Kd 

10-5 s-1 
Rd 

10-9s-1M 
Qd 
10-3 

Kr 
10-3 

Cr(mex)3  5.000 8.700 4.350 7.702 7.762 

Cr(etx)3  5.000 7.290 3.645 6.454 6.496 

Cr(prx)3  5.000 6.790 3.395 6.011 6.047 

Cr(bux)3  5.000 3.060 1.530 2.709 2.716 

Cr(hex)3  5.000 2.170 1.080 1.921 1.925 

 

 From the results shown in Table (3.11), one could notice that Kd 

and Qd values were dependent on the number of CH3- group in the 

complexes.  

 The photodecomposition increased as the number of CH3- group in 

the complexes decrease. Also the rate constant and quantum yield 

decrease from the higher number of CH3- group as in hexane 

complex( 1.925× 10-3) compared  to the lower number of CH3- as in 

methyl complex ( 7.762× 10-3) following the order: 

 

(C6H13OCS2)3CrIII  < (C4H9OCS2)3CrIII  < (C3H7OCS2)3CrIII  < 

(C2H5OCS2)3CrII I < (CH3OCS2)3CrIII  

 

The effect of the number of CH3- group in the complexes on the 

rate of photodecomposition process is, therefore, correlated with the value 

of quantum yield. The relationship of the Qd values for the complexes in 

DMSO were plotted against the type of complex. The results shown 
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schematically in Figure(3.27), which indicated that Qd increases as the 

number of CH3- group in complex decrease. 

This shape of Figure (3.27) could be explained by considering that - 

OR group is electron-withdrawing group that would cause less electron 

density on the metal ion. The presence of the highly positive center, 

Cr(III), made  the dissociation of this week adduct that produce a higher 

quantum yield. This may be explain the observation of higher Qd of 

Cr(Ax)3 complexes in DMSO. 

 

 

Figure (3.27): Variation in quantum yields (Qd) with the number of 
methyl group in complexes for the photodecomposition of 

Cr(Ax)3  complex DMSO 
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3.10 Photolytic Reaction mechanism for the prepared 

tris(alkylxanthato) chromium (III) Complexes  

The mechanism that may be suggested for the photodecomposition 

processes is shown in Scheme (3.1). The uv-visible spectra of the 

photolytic products indicated that the primary photolysis step might be the 

hemolytic scission of a Cr-S bond as shown in equation (3.2). After that, 

the obtained xanthate radical was rapidly decomposed to CS2 and R
.
 

radicals, which were then expected to abstract hydrogen from the solvent 

(HD) forming alcohol. 



Chapter Three     Results& Discussion   

 

 ٨٠

S

S

C OR(ROCS2)2Cr
311±1 nm

K1

S

S

C OR(ROCS2)2Cr

*

S

S

C OR(ROCS2)2Cr

*
K2

S

S

C OR(ROCS2)2Cr +

1.

2.

3. C OR

S

RO

S S

S

C +
K3 C OR

S

S S

S

CRO

4.

S

S

C + HD
K4

OR

SH

S

CRO +       D

5.
K5

 CS2   +    OR

S

S

COR

              +    OR
K6

 RO OR6.       RO

 7.       RO    +    HD K7
 ROH    +    D

8.        D    +      D
K8

D               D

(I) (II)

(II) (III) (IV)

(IV)
(V)

(VI)

(IV)

(3.2)

(3.3)

(3.4)
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_____________________________________

(IV)

K-1

    

Where:    K-1,K1, K2, K3, K4………, etc. are the rate constants for 

         the above reactions. 

 

Scheme (3.1): The suggested reaction mechanism for the 

prepared complexes(75) 
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The compound (I) has been excited to compound (II) by uv– 

radiation at 311±1nm .The bonds between the chromium atom and the 

two sulphur atoms in the excited state of this compound break to yield 

compounds (III) and radical (IV) as  shown in equation(3.2) .The radical 

compound (IV) may undergo different radical reactions. It may either 

recombine to yield the dimmer (V), or abstract hydrogen from the solvent 

(HD) as in equations (3.3) and (3.4), respectively. The bond between the 

oxygen and carbon may break to yield carbon disulphide and alkoxy 

radical (equation 3.5). The alkoxy radicals may be combined to yield 

peroxy as in equation (3.6) or abstract hydrogen from the solvent to yield 

alcohol (equation 3.7). The solvent radicals produce from equations (3.4) 

and (3.7) may finally recombine as in equation (3.8). However, these 

suggestions need further investigation using modern instrumentation such 

as ESR, mass spectrometry and other spectroscopic and separation 

techniques to validate the above reactions scheme. The reaction rate 

constant K3, K4, K5, K6, K7, and K8 in equations (3.3-3.8) were very large, 

since, they involved very reactive radical reactions. However, excitation 

irradiation reaction in equation (3.1) was assumed to be the slowest step 

followed by the decomposition reaction in equation (3.2). Consequently, 

this reaction was considered as the rate-determining step.     

Therefore, the dissociation reaction was followed by uv-visible 

spectrophotometery by measuring the decrease in the absorbance of the 

prepared tris(alkylxanthato)chromium(III) complexes as will be  described  

thereafter . 
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3.11 Conclusion Remarks  

In the work described in this thesis, the photochemistry of 

tris(alkylxanthato) chromium (III) complexes in DMSO was studied. The 

results have suggested that these complexes were photosensitive when 

irradiated with uv radiation of wavelength 311±1 nm. and decomposed 

through the scission of the Cr-S bond. The Cr(Ax)3complexes after 

irradiation produced CrII(Ax)2  and [(CS2)OR]
.
 radical which ultimately 

decomposed to CS2 and R
.
 radical. The latter abstracted hydrogen from 

solvent molecular to produce alcohol as suggested by the propose 

mechanism. It was also found that the photochemical reaction is first 

order accordingly. The specific rate constants (Kd) at room temperature, 

were evaluated by monitoring the spectral changes during irradiation 

process. 

 The quantum yield of photodecomposition process is generally low 

and is greatly affected by the type of ligands in Cr(III) chelate complexes 

and the number of CH3- group.  The value of quantum yield of 

photodecomposition in these complexes increases as the number of CH3- 

group decreased in the order, from (C6H13OCS2)3CrIII , (C4H9OCS2)3CrIII , 

(C3H7OCS2)3CrIII , (C2H5OCS2)3CrIII , to (CH3OCS2)3CrIII   

It is well established that transition metal chelate are 

photochemically active in polymer photochemistry. These complexes 

might be useful in many applications. Moreover, as mentioned earlier, 

metal chelate with metals at high oxidation state is active in the 

enhancement of photodegradation of plastic and therefore, might serve as 

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

1- It is recommended to study the photodecomposition reactions of 

these and other complexes using modern instrumentation as 

mentioned above. 

2- The use of different metal complexes to compare the 

photodecomposition of these metals. 

3- The use of unsaturated, phenyl and other aromatic compounds 

instead of alkyl group to compare their photodecomposition 

constants and other values. 

4- Study the effect of polar and nonpolar solvent on the 

photodecomposition reactions.       

5- Using these complexes as photoinitiator for polymerization process 

might be good extension of the present work. 
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Figure (3.7):  FTIR spectrum for potassium butyl xanthate ligand (PBX) 
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Figure (3.7):  FTIR spectrum for potassium butyl xanthate ligand (PBX) 
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Figure (3.3):  FTIR spectrum for potassium ethyl xanthate ligand (PEX) 
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Figure (3.3):  FTIR spectrum for potassium ethyl xanthate ligand (PEX) 
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Figure (3.9):   FTIR spectrum for potassium hexyl  xanthate ligand (PHX) 
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Figure (3.9):   FTIR spectrum for potassium hexyl  xanthate ligand (PHX) 
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Figure (3.1):  FTIR spectrum for potassium methyl xanthate ligand (PMX) 
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Figure (3.1):  FTIR spectrum for potassium methyl xanthate ligand (PMX) 
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Figure (3.5):  FTIR spectrum for potassium propyl xanthate ligand (PPX) 
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Figure (3.5):  FTIR spectrum for potassium propyl xanthate ligand (PPX) 
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