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Abstract :  A new complexes with ligands caffeine (caf) and (1,10)-phenanthroline (phen) of Zn(II),Cu(II), 
Ni(II) and Cd(II) has been prepared and characterized by titration , elemental analysis ,molar conductance , FT-
IR and UV-Visible spectroscopy . The spectroscopic studies indicated that the nitrogen N9 atom in caffeine and 
N1,N10 in phenanthroline participated in coordinating with  transition metal ion. 

Keywords: caffeine,( 1,10 )-phenanthroline ,Cd( II), Ni( II), Cu (II) , Zn (II) , complexes, elemental analysis, 
molar conductance, FT-IR, UV-Visible spectroscopy. 

 

 
 
 

Introduction  

 It is essential to understand the interaction between caffeine , (1,10)-phenanthroline ,polypyridyl , 
adenine, thiocyanate and cyanate constituents with metal transition ions in order to follow many physical and 
biological processes [1] . The (1,10)-phenanthroline complexes have been studied for decades . Interest in these 
complexes because of their uses in areas such as  photocatalysis , solar cell devices, nanotechnology 
[2],antitumor activities [3,4], anti-Candida [4,5] ,anti-mycobacterial [4,6] and antimicrobial [4,7]. At this stage it 
seemed interesting to study the synthesis of mixed ligand complexes of caffeine , (1,10)-phenanthroline , cyano 
and thiocyanato complexes with some transition metal ions Cd( II), Ni( II), Cu (II) , Zn (II). 

 

Experimental 

General methods and materials 

Materials :  all reageants were purchased commercially and used without further purification. 

 

http://www.sphinxsai.com/framesphinxsaichemtech.htm 
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The compounds were prepared by mixing at room temperature, with stirring the ethanolic solutions of (1,10)-
phenanthroline BDH indicators, caffeine Riedl-deHaen.A.G., the chloride of the appropriate metallic ion 
MCl2,xH2O M = Cd( II), Ni( II), Cu (II) , Zn (II) respectively and potassium  thiocyanate or  potassium BDH. 

The I.R spectra in the range of 4000-400 cm-1 were recorded on Jasco FT/IR-4100 Fourier transform infrared 
spectrophotometer. UV-Visible spectra were measured in DMSO using Shimadzu UV-Visible recorder 
spectrophotometer UV-1800. Elemental analysis (C, H, N) were performed Flash EA 112 de marque Thermo . 
Conductivity measurements were performed at 25 °C in DMSO using Hach HQ430d flexi. 

General procedure for synthesis 

An ethanolic solution of 0,001 mol (1,10)-phenanthroline (phen) was added to an aqueous solution of 0,001 mol 
metal salts. This is followed by the addition of an ethanolic solution of 0,002 mol caffeine (caf) and an aqueous 
solution of 0,002 mol KSCN or KCN. After constant stirring using appropriate amounts of materials needed as 
decided by the molar ratio 1:1:2:2/2 (M:phen:caf:SCN/CN). Successively, the resulting precipitates were 
filtered off, washed several times and recrystallized with 1:3 ethanol:water mixture. Then, it was dried in an 
oven at 65oC.  
 

Results and discussion  

The prepared complexes were found to be solids, insoluble in water but they were soluble in some organic 
solvents such as dimethylformamide and dimethylsulphoxide. The lower value observed of molar conductivities 
in DMSO indicates the non-electrolyte behavior of the complexes [8]. 

Determinations for metals were carried out using complexation methods (Darsmath) with standard titriplex III 
mmole solution at a suitable pH using the murexide, methyl blue and Erichrome black T as indicators. The 

results were given in the Table(1). 

 
Table 1. The physical properties of the prepared complexes 

 ∗The theoretical values are in parenthesis. 
 

FT-IR measurements 

The Caffeine and Théobromine belong to the centrosymmetric Cs point group. Their structures as shown in 
Figure 1. 

molecular  formula of 
complexes 

Molecular 
weight 

 
Colour 

  °/° 
Metal                                                                      

  
°/° C 

 
°/° H 

Ω (ohm-1 cm2 mol-1) 

[Cu(phen)(caf)2(SCN)2] 802.46 bleu (7,91) 
8,25 

(29,9) 
30.12 

(3,6) 
3,80 

5.4 

[Ni(phen) (caf)2(SCN)2] 797.33 green (7,63) 
7,65 

(30,1) 
30,4 

(3,63) 
3,79 

10.6 

[Cd(phen)(caf)2(SCN)2 804.33 pink (13,97) 
14.32 

(29,83) 
29,92 

(3,6) 
3,74 

38 

[Zn(phen) (caf)2(SCN)2] 
 

851.05 pink (7,68) 
7,74 

(28,2) 
28,45 

(3,4) 
3,64 

12 

[Cu(phen) (caf)2(CN)2] 
 

770.46 dark 
green 

(8,24) 
8,52 

(32,7) 
32,86 

(3,67) 
3,88 

33.6 

[Ni(phen) (caf)2(CN)2] 
 

765.61 yellow (7,66) 
8,14 

(32,91) 
33,16 

(3,78) 
3.91 

9.3 

[Zn(phen) (caf)2(CN)2] 
 

771.86 white (8,47) (32,64) 
32,75 

(3,75) 
3.91 

4.72 

[Cd(phen) (caf)2(CN)2] 
 

820.4 pink (13,7) 
13,85 

(30,71) 
30,92 

(3,53) 
3.83 

29.4 
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Figure 1. Structure of caffeine  and (1.10)-phenanthroline and Théobromine  

 

For the caffeine, the numbers of vibrations modes are as follows Ʈvibr = 45 A’ + 21A’’, The vibrations of the 
A’  species will be in plane and those the A’’ species will be out of plane. It is know from the literature that the 
caffeine mostly coordinated through its N-donnor atom or even through O-donor atom , which is a rarity .In 
coordination with this , is accompanied by elimination the miror plan σv and by a whole series of changes in the 
infrared spectrum. 

The change in the spectrum is observed in the range (1600-400) cm-1 corresponding with vibration mode 
of (C=N) , imidazol, pyrimidine and methyl fragments in the caffeine [8,9]. 

(1,10)-Phenanthroline free are C2v symmetry point group. For (1,10)-Phenanthroline ,an assignment of the solid 
in KBr spectrum is possible owing to the C2v point group symmetry with modes a1,a2,b1,b2 .The assignment of 
different bands of the spectrum in this complexes [M(phen)(caf)2X2] (1,2,3,4,5,6,7,8) were compared with 
spectrum of caffeine ,  

(1,10)-phenanthroline and thiocyanato or cyanato  free ligands .It may noted  that the spectra of their complexes 
obtained are similar as shown in Figure 2,3,4 in the range (4000-400) cm-1, summarize the vibrationnal spectral 
frequencies as shown in Table 2,3 coordinated ligand with metal ions. 

 

 

 

 

 

 

 

Figure 2. IR spectrum of the complex [Cu(phen)(caf)2(SCN)2] dispersed in KBr. 

 

 

 

 

 

 
Figure 3. IR spectrum of the complex [Cu(phen)(caf)2(CN)2] dispersed in KBr. 
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Figure 4. IR spectrum of the complex [Cd(phen)(caf)2(SCN)2] dispersed in KBr. 
 

The infrared spectra of these complexes exhibited a new board band in the range (3500-3400) cm-1 which may 
be attributed to stretching vibration υ(OH) of hydrated water , which is confirmed by thermal analysis and 2 
intense bands at 3100 cm-1 and 2950 cm-1 can be attributed stretching vibration υ(CH) and υ(CH3) aromatic [9] 
and methyl caffeine shifted to  lower frequencies . In all complexes, the band at 3050 cm-1 attributed to 
stretching vibration υ(CH)phen phenanthroline ligand [13] . The carbonyl group in caffeine and their complexes 
exhibit a strong absorption bands due the υ(CO) stretching vibration and is observed in the region (1700-1650) 
cm-1. This region is characteristic aromatic lactones for 1 and 2 carbonyl as in the quinone [8,9]. The caffeine 
contain 2  carbonyl group vibrations in the meta position . The very strong bands observed are considered to be 
due to υ(CO) symmetric and asymmetric υ(CO,CN)  stretching vibrations in caffeine  [9]. 

In the complexes (1,2,3,4,5,6,7,8) spectra, the 2 υ(CO), stretching vibrations being shifted to lower 
frequencies by (5-10) cm-1 and (10-16) cm-1 respectively, the intensity of these carbonyl is also reduced and 
inversed upon complexation . 

There this confirm in centrosymmetric point group , and coordination by nitrogen N9 imidazol fragment 
[11].The weak band noticed in the region (1635-1640)cm-1 was attributed to bending δ(OH) water hydratation. 
The comparison with (1,10)-phenanthroline and caffeine ligand free and coordinated ligands, the υ(C=N) phen 
(1616 cm-1) [13] and (υ(C=C) + δ(HCN))caf (1600 cm-1) [9] bands is shifted to band in the region (1595-1585) 
cm-1, the υring(imid + pyrimi)caf [9] +  υ(C=C)phen + δ(HCN) [9] is shifted to lower frequencies by 10 cm-1. 

The medium bands are observed in the region (1450-1100) cm-1 where there are attributed to stretching and 
bending vibration υ(C=C)phen, δ(C=C-H)phen , δ(HCN), δ(CH3)caf,ρ(CH3)caf [13]. The same attribution of bands 
is shown in all the mixed ligand complexes [M(phen)(caf)2X2].  

It is known from the litherature that the coordination of caffeine and phenanthroline with metal ions 
occurs by the N9 nitrogen imidazol fragment [11] and N1 , N10 nitrogen phenoline ,followed by shifting in 
lower frequencies in the range (10-15) cm-1 and (5-10) cm-1 in higher frequencies respectively. The shifted of all 
bands of the mixed ligand complexes are attributed to the fact that the ligands were coordinated with metal ions. 

The ν(CN) ,ν(C-S) and δ(NC) frequencies of the thiocyanato ligands are collected in Table 2. They fall in 
the region expected for terminal bonded thiocyanato ligand. The presence of a single and 2 strong ν(CN) for the 
complexes indicate the existence of inequivalant thiocyanate in 2 isomers (cis + trans) in octahedral geometry. 

The presence of doublet at 2144 cm-1  and single at 2080 cm-1  for [Cu (phen)(caf)2(SCN)2] , which well 
correlates with point group (C2v, D4h)  is in agreement with the observation .That there is little structural change 
to phenanthroline rigid ligand upon coordination to metal. 

The ν(C-S) and δ(NCS) occur in the ranges (743-746) cm-1 and (443-446) cm-1    respectively.  From the 
infrared spectral data of metal thiocyanate complexes [12,14], for N-bonded complexes , generally the CN 
stretching band is in a lower region around 2050 cm-1 , compared to 2100 cm-1  for S-bonded complexes 
.However , the frequencies of the bands are sensitive to other factors as coexisting ligands  and the structure of 
the complexes(1,2,3,4,5,6,7,8). 

At the sometime ,some new sharp bands are observed at  the range (550 cm-1)  which assigned to the 
υ(M-N) stretching vibration [11]. 
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The ν(CN) frequencies of the cyano ligands are collected as shown in Table 3.  In the complexes 
[M(phen)(caf)(CN)2], the cyano and thiocyanato have two isomers (cis + trans) in the octahedral symmetry. 

 
 

Table  2. Main vibrations the complexes[M(phen)(caf)2(SCN)2],M = Cd( II), Ni( II), Cu (II) , Zn (II) 

Vw : very weak,vs: very strong, s: strong, m: medium, w: weak 

 

 

Free ligands 4 3 2 1 

KSCN (1,10)-ph Caf Complexes 

Cd 

Complexes 

Ni 

Complexes 

Zn 

Complexes 

Cu 

                     Assigment 

  3114 w 3100 s 3100 vs 3100 s 3100 s ʋ(CH) 

 3062  3050 s 3050 vs 3050 s 3050 s ʋ(C-H)phen 
  2954 w 2950 s 2950 vs 2950 s 2950 s ʋ(CH3) 

2051 s   2117 vs.T 2133 vs.T 2100 vs  2130 vs.T ʋ(SCN) 

   2094 vs.D 2093 vs.d  2110 vs.d ʋ(SCN) 
  1700 vs 1690 vs 1690 vs 1700 vs 1695 vs ʋs(CO) 
  1660 vs 1650 vs 1650 vs 1660 vs 1650 vs ʋa(CO) 

 1616 m  1619 s 1620 s 1618  1625 s ʋ(C=N)phen 

 1586 m 1600 w 1590 m 1600s 1600 m 1595 s  ʋ (C=C)+ʋ(HCN)+ ʋ(C=N)phen 

 1558 m  1562 m 1570 s 1570 m 1570 s ʋ(C=C)phen 
  1548 m 1540 s 1540 vs 1540 s 1540 s δ(HCN)+ʋ(imid)+ʋ(pyri) 

 1504 s  1505 m 1500 s 1505 m 1510 s ʋ(C=C)phen 

  1470 m 1478 s 1480 vs 1485 m 1475 s  δ(HCN)+δ(CH3) 
  1456 m 1450 m 1450 vs 1450 m 1446 s  ɤ(CH3)+δ(CH3) 

 1421 vs  1417 s 1422 vs 1418 m  1420 s Bande de conbinaison(ph) 
  1405 w 1382 m 1383 s 1385 m  1390 s ɤ(CH3)+δ(CH3) 
  1360m 1350 m  1360 m  1360 m δ(HCN)+ʋ(imidazol)+δ(CH3) 

 1334m  1320 m 1320 s 1318 w  1327 m   ʋ  (C=C)phen 
 1268m 1285w 1288 m 1285 s 1287 w  1286 m  ʋ  (C=C)phen 

 1217w 1237 m 1238 s 1240 s 1238 w 1240 m ʋ(CN) +ρr(CH3) 

  1210w 1204 w 1203 s 1200 w 1210 w  δ(CH) + ρr(CH3) 

  1188w 1189 w 1189 m 1174 w 1189 w δ(CH) + ρr(CH3) 
 1144 m  1141 w 1139 s 1138 w 1139  δ(C=C=H)phen 
  1025w 1023  m 1023 m 1025 w 1024 m ρ(CH3) +    ρ(CH) 

 983 m  985 w 986 m  989 w  δ(CH)phen 

  973w 972 w 975 w 968 w 975 w ʋ(N-CH3)+ρr(CH3) +δ(imidaz) 
  923w 925 w 924 w 923 w 925 w ɤ(CH) 
 884w  895 w 870 m 890 w 875 w ρ(CH3)+ ʋ (N-CH3) + δ(C=O) 

 854 vs 862w 862 m 860 w 859 w 860 w δ(C=C=C)phen 
   845 s 842 s 842 m  842 s ρ(pyrimid)   + δ(C=O) 
  800 w 805 w 800 w 800 w 800 w ρ(pyrimid)   + δ(C=O) 

 780 w  780 w 776 m  780 w δ(CH)phen 
   760 m 760 m 760 m 760 m δ(CH)phen 

738 s 738 vs  745 s 743 s 746 s 745 s  ʋ(C-S)+ δ(CH)phen 
 724m 746s 725 vs 720  vs 724 m  720 s  δ(CH)phen 
 695m 642w 638 w 642 w  645 w δ(pyrimid)+ρ(imidazol) 
 625w 611w 610 w 610 m  610 w ɤ(imidazol) 
 583w  547 w 546 w 550 w 550 w (M-N)caf 

486  481 vs 480 w 480 m 483 w 480 w Ʈ(caffeine) 
471   460 w 460 m  458 w δ(NCS) 

  450w 442 w 450 w 436 w 440 w δring(pyrimidine) 
  420w 420 w 419 m 418 w 420 w ρr(C=O) 
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Table  3. Main vibrations the complexes[M(phen)(caf)2(CN)2], M = Cd( II), Ni( II), Cu (II) , Zn (II). 

Vw : very weak,vs: very strong, s: strong, m: medium, w: weak 

 

UV/Vis spectra 

Figures 5,6 show the UV spectra (1,10)-phenanthroline, caffeine and [M(phen)(caf)2X2] (M=Cu2+,Cd2+, 
Zn2+,Ni2+) (X = SCN- ,CN-) respectively. The shape and intensity of the peaks being basically similar to that for 
the free ligand phenanthroline and caféine . The absorption observed at (200–300) nm attribute to ligand 
centered charge transfer included π→π* transitions of phenanthroline and caffeine of cyano or thiocyanato  
ligands [15]. 

 Absorption bands assigned as a ligand-to-metal charge transfer are observed at approximately 312 and 328 nm 
[16] as shown in Table 4. 

Free ligands Complexes 

8 

Complexes 

7 

Complexes 

6 

Complexes 

5 

KCN (1,10)ph Caf CD Ni Zn Cu 

Assigment 

  3100 m 3100 s 3097 s 3103 s 3104 vs υ(CH) 

 3062  3050 s 3050 s 3050 s 3050 vs υ (CH)phen 

  2954 m 2920 s 2910 s 2950 m 2949 vs υ (CH3) 

   2168 mT 2180 vsT 2200 vs 2220 mT υ (CN) 

2088 vs   2144 md 2125 sd 2125 vs 2116 vsd υ (CN) 

  1700 vs 1694 s 1690 s 1697 vs 1695 m υs(CO) 

  1660 vs 1640 vs 1655 s 1650  vs 1650 s υa(CO) 

 1616 m   1618 s  1620 m υ(C=N)phen 

 1586 m 1600 m 1592 s 1597 s 1590 s 1596 m υ(C=C)+ υ (HCN)+ υ (C=N)phen 

 1563 w  1560 s   1580 s 1576 s 1578 s υ (C=C)phen 

  1548 1542 s 1544 m 1540 vs 1540 m δ(HCN)+ υ (imid)+ υ (pyri) 

 1504 s  1508 s 1512 s 1510 s 1507 s υ (C=C)phen 

 1668 w 1470 m 1492 s 1496 m 1476 vs 1490 m υ (C=C)phen 

 1617 w 1466 m 1444 s 1450 m 1445 vs 1450 m υ (C=C)phen 

 1423 vs  1420 vs 1420 vs 1420 vs 1420 vs  Bande de conbinusou(ph) 

  1405 m 1397 m 1400 s  1400 s 1400 m ɤ (CH3)+δ(CH3) 

  1360 s 1356 m 1356 m  1360 s 1340 m δ(HCN)+ʋ(imidazol)+δ(CH3) 

 1334vw  1320 w 1322 m 1325 m 1320 m υ (C=C)phen 

 1268 1285 s 1287 m 1304 w 1287 s 1280 m υ  (C=C)phen 

 1217 1237 s 1240 m 1240 m  1240 vs 1236 m  υ (CN) +ρr(CH3) 

  1188 m  1222 m 1197 w 1190 m 1184 m δ(CH) + ρr(CH3) 

 1144vw  1142 m 1145 m 1144 m 1146 m δ(CH) + ρr(CH3) 

  1025 s 1027 w 1025 w  1024 s 1023 w ρ(CH3) +    ρ(CH) 

 983 vw  1000 w    995 w 994 s 990 w  δ(CH)phen 

  973 s 975 w   975 w 974 w 975 m ʋ(N-CH3)+ρr(CH3) +δ(imidaz) 

  923 w 930 w 920 w 924 w 922 w γ(CH) 

  862 m 900 w 910 w 900 w 894 w ρ(CH3)+ʋ(N-CH3)+δ(C=O) 

 850 vs  864 s 870 w 865 m 863 w δ(C=C=C)ph 

   848 vs 846 vs  852 s 843 vs ρ(pyrimid)   + δ(C=O) 

  800 s  800 w 800  798 w ρ(pyrimid)   + δ(C=O) 

 780 m  770 w 774 w 775  770 w δCH)phen 

 738 vs  744 m 730 vs  744 vs 745 w δ(CH)phen 

 724 vs  730 vs 718 m 725 vs 720 vs δ(CH)phen 

 625 642 s 640 w 642 w 645 w 644 w δ(pyrimid)+ρ(imidazol) 

 611  610 w 610 w 610 s 610 w γ(imidazol) 

   540 w 554 w 553 w 550 w υ (M-N) 

    542 w   υ (M-CN) 

  481 vs 478 w 480 w 478 m 477 w Ʈ(caffeine) 

  450 436 w 438 s 440 m 457 w δring(pyrimidine) 

  420 418 w 418 s 419 vs 420 w ρr(C=O) 
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The characteristic absorption peak of (1,10)-phenanthroline are 204, 222, 267 and 291 nm, and the spectra of 
the complexes shows a slight shift (5 nm) . 

The electronic spectra of [Ni(phen)(caf)2(X)2] ( X = SCN- , CN-)  complex shows 2 absorptions bands at 343  
nm and 344 nm respectively, which are attributed to the electronic transition 

 3A2g(F)→ 3T1g(P) (υ3). The electronic transition of 3A2g(F) →  3T1g(F) (υ1) appeared at  944 ,881 nm and 956  nm 
respectively. These assignments correspond for Ni(II) as an octahedral complex [17].  

The spectrum of [Cu(phen)(caf)2(SCN)2]  complex show that its bands in the visible region which is attributed 
to the electronic transitions of 2a1g(D) → 2b1g(D) and 2e2g(D)→

2b1g(D) appeared at 385 and 646, 797 nm 
respectively.The spectrum of [Ni(phen)(caf)2(CN)2] shows 2 absorptions bands at 484, 789 nm which are 
attributed to the electronic transition 2e2g(D)→

2b1g(D)  . Therefore, these transitions confirmed that the Cu(II) 
complex has a distorted octahedral geometry [17]. 

Finally Zn(II) and Cd(II) complexes with an electronic configuration of d10 did not show any (d-d) transitions. 
Instead the absorption bands in the spectra were due to charge transfer transitions which suffered from blue shift 
with hyper chromic effect [17]. These absorptions have been fully assigned in Table 4 . 

 

 

 

 

 

 

 

 

Figures 5. UV spectra of complexes Phenanthroline and [M(phen)(caf)2SCN2]  
(M = Cd( II), Ni( II), Cu (II) , Zn (II)) in  DMSO 

 

 

 

 

 

 

 

Figures 6. UV spectra of complexes Phenanthroline and [M(phen)(caf)2CN2 ]  

(M = Cd( II), Ni( II), Cu (II) , Zn (II)) in  DMSO 
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Table  4.UV spectra of complexe,caffeine,cyani,thiocyanato 
Phenanthroline , and [M(phen)(caf)2SCN2] (M = Cd( II), Ni( II), Cu (II) , Zn (II))in DMSO 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Conclusion 

In this papers, novel octahedral complexes containing monodentate caffeine , thiocyanato or cyano ligand and 
chelate ligand  phenanthroline were synthetized and characterized . The formulation were in accordance with 
the data elemental analysis , titration , molar conductance Infrared  and UV spectroscopy studies for the 
complexes (1,2,3,4,5,6,7,8) are in good agreement with caffeine coordination by N9 nitrogen atom , 
phenanthroline chelating by N1 ,N10 nitrogen atoms and two thiocyanato S-bonded or cyano in octahedral cis 
and trans geometry.  
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