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Table 1. Physical and Analytical Data of HL1 and its heteroleptic complexes (ML1Gly). 

Compound Colour 
Melting 
Temp 
(°C) 

Elemental analysis (%) found (calc.) Electrical 
Conductance 

μS/cm C H N Metal 

HL1 
C20H18ClNO2 

Yellow 250-254 70.65 
(70.69) 

5.28 
(5.34) 

3.90 
(4.12)  3.55 

CoL1Gly 
C28H25ClCoN2O4 

Pink >350 60.78 
(61.38) 

4.49 
(4.60) 

5.31 
(5.11) 

10.57 
(10.76) 18.56 

NiL1Gly 
C28H25ClNiN2O4 

Light 
green 312-316 60.87 

(61.41) 
4.55 

(4.60) 
5.02 

(5.12) 
10.61 

(10.72) 31.4 

CuL1Gly 
C28H25ClCuN2O4 

Light 
Blue >330 60.58 

(60.87) 
4.50 

(4.56) 
5.16 

(5.07) 
11.41 

(11.50) 13.42 

ZnL1Gly 
C28H25ClZnN2O4 

White >350 60.63 
(60.67) 

4.32 
(4.55) 

5.00 
(5.05) 

11.66 
(11.79) 27.9 

 

Table 2. Physical and Analytical Data of HL2 and its heteroleptic complexes (ML2Gly). 

Compound Colour 
Melting 
Temp 
(°C) 

Elemental analysis (%) found (calc.) Electrical 
Conductance 

μS/cm C H N Metal 

HL2  
C13H9ClN2O6S Brown 125-128 43.55 

(43.77) 
2.50 

(2.54) 
7.67 

(7.85)  - 

CoL2Gly 
C21H16ClCoN3O8S 

Dark 
brown > 250 44. 47 

(44.66) 
2.76 

(2.86) 
7.40 

(7.44) 
10.39 

(10.43) 30.7 

NiL2Gly 
C21H16ClNiN3O8S 

Dark 
Green 333-338 44. 59 

(44.68) 
2.85 

(2.86) 
7.31 

(7.44) 
10.22 

(10.40) 4.69 

CuL2Gly 
C21H16ClCuN3O8S Brown 217-222 44.28 

(44.30) 
2.76 

(2.83) 
7.21 

(7.38) 
11.01 

(11.16) 3.42 



ZnL2Gly 
C21H16ClCuN3O8S 

Light 
brown 280-282 43.89 

(44.15) 
2.65 

(2.82) 
7.31 

(7.36) 
11.34 

(11.44) 27.9 

 

Table 3. Physical and Analytical Data of HL3 and its heteroleptic complexes (ML3Gly). 

Compound Colour Melting 
Temp (°C) 

Elemental analysis (%) found (calc.) Electrical 
Conductance 

μS/cm C H N Metal 

HL3 
C20H16N2O2 

Bright 
Yellow 161-163 75.82 

(75.93) 
4.95 

(5.10) 
8.71 

(8.86)  1.06 

CoL3Gly 
C28H22CoN3O4 

Velvety 
brown  185-190 64.04 

(64.25) 
4.12 

(4.24) 
7.89 

(8.03) 
11.11 

(11.26) 31.7 

NiL3Gly  
C28H22NiN3O4 

Maroon > 346 63.75 
(64.28) 

3.99 
(4.24) 

8.01 
(8.03) 

11.01 
(11.22) 25.4 

CuL3Gly 
C28H22CuN3O4 

Dark blue 225-235 63.58 
(63.69) 

4.01 
(4.20) 

7.83 
(7.96) 

11.99 
(12.03) 13.5 

ZnL3Gly 
C28H22ZnN3O4 

Yellow 220-222 63.40 
(63.47) 

3.98 
(4.19) 

7.59 
(7.93) 

12.03 
(12.34) 3.57 

 

Table 4. FTIR Data (cm-1) of HL1 and its heteroleptic complexes (ML1Gly). 

Type of 
Vibration (cm-1) 

 

Water of 
hydration 

 

(N-H) 
Asym. 
/Sym. 

 

(C=O) 
(C=N) 
~shift  

 

(C-
O) 

(COO-

) 
asym. 

(COO-

) 
sym. 

- 
(M-
O) 

- 
(M-
N) 

Ligand HL1 - - 1647 (s) 1591 
(s)  

1215 
(m) - - - - 

Co(II) L1- PhGly 
(ternary) 3360 (w) 

3246 (w) 
2976 (b, 

w) 

1645 
(m) 

1585 
(s) 

1201 
(m) 1556 (s) 1357 (s) 

- 
615 
(s) 

597 
(m) 
549 
(m) 

Ni(II) L1- PhGly 
(ternary) 3363 (w) 3224 (w) 

3149 (w) 
1643 
(w) 

1581 
(s) 

1199 
(m) - 1409 (s) 

646 
(s) 
617 
(s) 

586 
(s) 
509 
(s) 

Cu(II) L1- PhGly 
(ternary) 3334 (w) 3217 (w) 

3047 (w) 1622 (s) 1562 
(s) - - 1365 (s) 

609 
(s) 

 

542 
(m) 
459 
(m) 

Zn(II) L1- PhGly 
(ternary) 3315 (w) 3255 (w) 

3034 (w) 1618 (s) 1560 
(s) 

1197 
(m) - 1377 (s) 

648 
(m) 
615 
(s) 

555 
(m) 
478 
(s) 

 

Table 5. FTIR Data (cm-1) of HL2 and its heteroleptic complexes (ML2Gly). 

Type of 
Vibratio

n 
(cm-1) 

 

Water of 
hydratio

n 
 

(=C-H) 
aromati

c 
 

(C=N
) 

~shift  
 

-   
(NO2

) 

- 
(Sulfoni
c acid) 

(C-H) 
sp 2   

Aromati
c (o.o.p 

bending)  

- 
(S-
O) 

COO
- 

asym. 
/sym. 

-    
(M
-O) 

- 
(M
-N) 

Ligand 
HL2 

3379 (w) 3027 (w) 1627 
(s) 

1370 
(s) 

1568 
(s) 

1205  
(m) 

1276 (s) 

910 (m) 
806 (s) 

65
8 

(m) 
- - - 



Co(II) L2- 
PhGly 

(ternary) 
3358 (w) 3062 (w) 1651 

(s) 

1556 
(s) 

1404 
(s) 

1192  
1286 (s) 

931 (m) 
754 (s) 
698(s) 

66
7 

(m) 

1585 
(s) 

1361 
(s) 

657 
(m) 
609 
(s) 

555 
(m) 
486 
(s) 

Ni(II)L2- 
PhGly 

(ternary) 
3363 (w) 3062 (w) 1595 

(s) 

1475 
(s) 

1404 
(s) 

1192 (m) 
1118 (s) 

921 (m) 
817 (s) 
696 (s) 

66
5 

(s) 

1581  
1294 
(s) 

644 
(s) 
584 
(s) 

484 
(m) 
451 
(s) 

Cu(II)L2- 
PhGly 

(ternary) 
3332 (w) 3039 (w) 1622 

(s) 

1493 
(m) 

1402 
(m) 

1139 (s) 
1105 

921 (m) 
752(s) 
696 (s) 

67
1 

(m) 

1562 
(s) 

1357 
(s) 

615 
(s) 
597 
(m) 

- 
441 
(s) 

Zn(II)L2- 
PhGly 

(ternary) 
3313 (w) 3034 (w) 1616 

(s) 

1485 
(s) 

1409 
(s) 

1197(m) 
1292 (s) 

927 (m) 
746 (s) 
696 (s) 

64
6 

(m) 

1562 
(s) 

1377 
(s) 

624 
(s) 
590 
(m) 

542 
(m) 
468 
(s) 

 

Table 6. FTIR Data (cm-1) of HL3 and its heteroleptic complexes (ML3Gly). 

Type of 
Vibration 

(cm-1) 
 

Water of 
hydration 

 

(=C-H) 
aromatic 

 

(CH) 
sp3 

(C=N) 
~shift  

 

- 
(C-
O) 

(C-H)  sp 

2   
aromatic 

(o.o.p 
bending)  

(COO-

) 
asym. 

(COO-

) 
sym. 

- 
(M-
O) 

- 
(M-
N) 

Ligand HL3 
O-H 

phenolic 
3430 (w) 

3055 (w) - 1608 
(s) 

1274 
(s) 

754 (s) 
854 (m) - - - - 

Co(II)L3- 
PhGly 

(ternary) 
3414 - - 1630 

(s) 
1200 
(s) 

751 (s) 855 
(m) 1521(s) 1357 (s) 

597 
(s) 
511 
(m) 

475 
(s) 
412 
(s) 

Ni(II)L3- 
PhGly 

(ternary) 
3388 (b, w) - 2896 

(w) 
1601 
(s) 

1233 
(m) 

752 (s) 
847 (m) 1517 (s) 1370 (s) 

543 
(s) 
507 
(m) 

457 
(s) 
409 
(s) 

Cu(II)L3- 
PhGly 

(ternary) 

3406  
(b, w) 2906 (w) 2887 

(w) 
1576 
(s) 

1200 
(m) 

694 (s) 
728 (s) 
854 (m) 

1519 (s) 1356 (s) 
595  
508 
(s) 

472 
(m) 

Zn(II)L3- 
PhGly 

(ternary) 
- - 2895 

(w) 
1613 
(s) 

1244 
(m) 

747 (s) 
854 (m) 1528 (s) 1323 (s) 

597  
510 
(s) 

490  
437 
(m) 

Comparison of Zn(II) complexes. 

Type of 
Vibration 

(cm-1) 
 

Water of 
hydration 

 

ν(-NH2) 
sym./ 
asym. 

(CH) 
sp3 

and  
(=C-

H) 
Phe. 

(C=N) 
~shift  

 

- 
(C-
O) 

(C-H)  sp 

2   
aromatic 

(o.o.p 
bending)  

(COO-

) 
asym. 

(COO-

) 
sym. 

- 
(M-
O) 

- 
(M-
N) 

Ph-Gly - 2975,  
3167 (w) 

2880 
(w) - - 694 (s) 

728 (s) 1576 (s) 1355 (s) - - 

Zn(II)-Ph-
Gly  

(binary) 
3313 (w) 3062 

3256 (w) 
3034 
(w) - - 697 (s) 

746 (s) 1560 (s) 1376 (s) 586 
(s) 

460 
(s) 

Ligand HL3 
 

O-H 
phenolic 
3430 (w) 

- - 1608 
(s) 

1274 
(s) 

754 (s) 
854 (m) - - - - 



ZnL3 
(binary) 3453 (w) - 3007 

(w) 
1612 
(s) 

1244 
(m) 

746 (s) 
854 (m) - - 540 

(s) 
488 
(s) 

ZnL3- PhGly 
(ternary) - 

2965 (w) 
masked 

 

2895 
(w) 

1613 
(s) 

1244 
(m) 

747 (s) 
854 (m) 1528 (s) 1323 (s) 

597  
510 
(s) 

490  
437 
(m) 

 

Selected NMR and FTIR spectra’s of synthesized ligands and mixed complexes 

 
Figure 1. 1H NMR spectrum of HL3. 



 
Figure 2. 13C NMR spectrum of HL3. 

  



 
Figure 3. 1H NMR spectrum of ZnL3Gly. 

  



 

Figure 4. 13C NMR spectrum of ZnL3Gly. 

  



 
Figure 5. 1H NMR spectrum of HL1. 

  



 

Figure 6. 1H NMR spectrum of HL2. 

  



 
Figure 7. 13C NMR spectrum of HL2. 

  



 
Figure 8. 1H NMR spectrum of ZnL2Gly. 

  



 

Figure 9. 13C NMR spectrum of ZnL2Gly. 

  



 
Figure 10. FTIR spectrum of α-phenyl glycine. 

  



 
Figure 11. FTIR spectrum of HL3. 

  



 
Figure 12. FTIR spectrum of NiL3Gly. 

  



 
Figure 13. FTIR spectrum of HL1. 

  



 
Figure 14. FTIR spectrum of ZnL1Gly. 

  



 
Figure 15. FTIR spectrum of HL2. 

  



 
Figure 16. FTIR spectrum of ZnL2Gly. 

  



 
Figure 17. Electronic spectra of ligands (HL1, HL2, HL3) and selected spectra of metal complexes. 

 


