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ABSTRACT 
Divalent 3d metal complexes with formyl-vanilline derivatives, of lite 

type ML2 or ML2X2 (M"' Cu(II), Co(II); X = Cl), were sythesized by reaction ol' t!::c 
corresponding metal(ll) chlorides with 1-[3'-fonnyl-4'-methr.>~y-{i'-

hidroxybemilydeneJ-2-phenaziru?Ylhydr.azine, (FDFii), l-be1uilyde11c-2-
phenazlllQ91.hydrazine, (BFH), and 3'-formyl-5',6'-dihydroxybemilydenc-2-nitro-1-­
methylaniline, (FBAH). The novel complexes were characteri7,ed by ESR, IR, 
electronic spectroscopy, molar electric conductibility measurements and magnctk 
studies. These compounds appear to bn hexacoordinated. 

RESUMO 

Complexo:s divalentes de metais 3d com derivados de 
formilvanilina foram sintetizados atraves da rea~ao do cloreto 
de metal(II) correspondente com 1-(3 1 -formil-4'-metoxi-6'­
hidroxibenzilideno)-2-fen·azinoilhidrazina, (FBFH), l-benzildeno-
2-fenazinoilhidrazina, (BFH), e 3' fonnil-5' ,6 '-dihidroxibenzi­
lideno-2-nitro-l-metilanilina, (FBAH). Os complexo~ te111 a estru­
tura geral 111 2 ou NL2~2 (M=Cu(II), C~(I~); X=Cl). Os. novos com­
plexes foram caratcer~zados u~ando tecnicas de RSE, infraver­
melho, condutibilidade molar eletrica e estudos 111agneticos. 
Estes complexes parecem ~er hexacoordenados. 

KEYWORDS : phenazim&lhydrnzine, copper(II), i:obalt(II), hydrox)'"benzilydene, 
IR spectra 

DOI: 10.48141/SBJCHEM.v5.n5.1997.68_1997.pdf



68 

SOUTH. BRAZ. J. CHEM., Vol. 5, N° 5, 1997 

T. Rosu, A. K:tiza, V. Careu & A. NiaoZae 

Thi"TRODUCTION 

In coordinative chemislly an important part in the coordination process is played by 
the ligands characterized by the presence of several donor groups. 'fims the derivatives 
resulting from 3-fomiyl-5,6-dihydroi..ybenzilidene or 2-fom1yl-4-metho:..y-ben.zilidcne with 
phenazinoilhydrazi.ne can favour the coordination of the metal ions by several chromophor<e 
groups. In J 979, Mihaceva L.R and co-workeni l synthetized and chamcterized by means 
ofX-Ray spectrom studies the Co(II) and Cu(II) complexes with ligands, derived ,from th~ 
amide of the nicoti.nic acid. The structural data point to an octahedral geometry of the m~l~! 
ions and their coordination with the amide nitrogen atom. 

Hughes M.N. and co-workers2, Nonoyama ~f. and co-work.:r,;3 liilv.: shown thlll i1i 

the Co(II) and Cu(II) complexes with amides derivated from hydraZi.ne, the metal ion lh1s 
an octahe<lral geometty. Thus, the occurence of the absorption band fairly intensive at !)50 

cm· I can be assigned to the vibration frequency of the amide group, V:>C=Q, and the sha1 o 
bands spedfic to the complexes that occur at 1595 cm·l and 1630 cm·l are charactcri;;tic 
of the V>C=N groups. · 

EXPERilHEl'i'TAL PART 

The work has aimed at the syntheeis and the solid-phase charncterimtion of the 
Co(II) and Cu(II) complexes with l-[3'-formyl-4'-methoxy-6'-hidroxybenziiydenel-2· 
phenazinoilhydrazine, (FBFH), l-benzilydene-2-phenazinoilhydra,,"i.!1e, (BFH), and 
3'-fonnyl-5',6'-dihydroxybenzilydene-2-ititro-4-methylrutiline, (FBAH). 

In order to obtain the Co(II) and Cu(II) complexes with the above-memioned 
ligands the methanol solutions ofCuClz.2HzO and C0Cl2.6H20 have been prepared !he 
methanol solutions of the above-mentioned ligm1ds have been prepared separately. 11ic 
thus prepared solutions have been mixed so that the combination mtio M:L shonid be 
around 1:2 (Cu(II):FBFH = 1 :2; Cu(II):FBH = 1 :2; Co{II):FBFH = 1 :2; Co(II):FBH = l :2 
and Cu(II):FBAH = 1:2). After some 45 minutes refluxing fue solutions were cooled to get 
a differently coloured precipitates. After philteriniz, methanoi washimz and drvirni. the 
precipitates were subject to elementary analysis, thu~ determining C%, N%, 0%, ·c6;, aru:: 
11(II)%, respectively (Carlo Erba LA 1108 analyser and AAS lN Carl Zeiss Jena a\c,mic 
abso1ption spectrophotometer). To characterize the prepared complexes tile ill. spectrn ui 

the KBr pellet for the 4000-200 cm·l (Specord lVf-80 Carl Zeiss Jt:na~, iht: dt:.:tt0Hit: 

spectra in diffuse reflectance by using 11g0 has a dilution m3t.rix ( VSU· 2P Carl Zei>:; Jen:: 
spectrophotometer), the electronic spectra in solution 1_shinwlm 3 Jo PS 
specirophotometer), the ESR spectra (Varian E-9 specuuphowm.,1er at rouw 1"mt>c1a1u.1t: 
on pouwder); conductivity measurements using dimethylfom1:unidc as a soh·ent (H.:\CE 
IDS-meter conductorneter) have been petfonned. TI1e magnetic m1>.1surcmen!s h'1t'e •~.'Cf> 
petfonned by the Faraday method at room temperature, using Hg[Co1.SCN:14] as ~ bia.11i< 
test 
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RESULTS AND DISCUSSION 

'foe synU1esized complexes occur under the fonn of microcrysialli.ne, diffe1eatlv 
coloured, water insoluble, · sparingly soluble in tetrahydrofuran and soluble in 
dimeiliylforrnamide powders. The elementary analysis led to the results presented in Tab!e 
I. 
Table 1 

As one can easily conclude from the above. presented data, the combination ratio 
M:L for all the prepared complexes is I :·2. 

With a view of determining the coordination pattern of the ligands with the me1al 
ions Cu(II) and Co(II) the IR spectra for the 4000-200 cm· I range heve been deterrnined. 
From the data presented in Tables 2-4 it has been ascertained that the absorption bands 
specific to the vibration frequencies of the groups non-involved in the formation of the 
chemical bonds with the metal ions, Cu(II) and Co(II), remain unchanged. In Table 2 the 
JR spectra for the Cu(II) and Co(II) complexes with the FBFH ligand are presented. 
Table2 

The absorption band from 1670 cni- l with an increased intensity in the ligand 
spectrum specific to the stretching vibration frequency VC=Q (amide I) shifts iow~.rd~ 
smaller wave numbers and it splits into absorption bands of average intensity: 
1652 cm·l, 1638 cm-1 for the complex of the Cu(L.') ion and 1660 cm-l, 1643 cm-1 
respectively, for the complex of the Co(II) ion. 'This behaviour can be assigned to !he 
formation of the chemical bond of the ligand with the metal ion M(I~> via the >C=O group. 
Likewise, the 1620 cm·l absorption band specific to the frequency of the vc=N vaiem:v 
vibration (the chemical bond >C=N was formed as a result of the conderu;ation of fonnyl­
vanillin with phenazinoilhydrazine) shifts with about 20 cnr 1 towards smaller wave 
numbers, to 1603 cm·l for the Cu(II) complex and 1605 cm·l respectively for the Coiln 
complex, confirming the coordination of nitrogen atom to the respective metal ions. T11e 
1160 cm-1 absorption band, very strong and sharp, specific to the frequency cif \'Ar-OH 
valency vibration shifts towards wave numbers that are about 15 cm·l smaller and it 
diminishes its intensity. In the IR spectrum of the two complexes this band lies at 1145 
cm· I for the Cu(II) complex and at 1148 cni- l for the Co(II) one, respectively. 

Similarly, in the IR spectra of the two complexes there occur absorption lxmd~ of 
low intensity locaied ai 505, 475, 329 cm· I and at 520, 393, 308 cm· I respecriveiv, lliat 

are assigned to Li.e vibration frequencies VM-0 and VM-N, ON-M-N, respectively. 'This 
order of the frequencies of the vibrations \'M·O, "'M-N, respectively corresponds t::> the 
values presented by No1ioyama3, Anagnostopoulos4, Nakanioto5. 'Ille lR ~pectrn for the 
Cu(II) and Co(II) complexes witl1 tl1e BFH ligand are presented in Table 3. 
Table 3 

A5 in the previous case it has been asoo1tafo.ed Lliat the absorption band from ! 680 
cm· 1 in the ligand spectrum, specific to the vibration frequency vc=0 trunide n shiiis. 
within the spectrum of Uie complexes, towards smaller wave numbers and splits i;1 to tv.·o 
bands pointing to a coordination of the oxygen atom from the >C=O group to the 
corresponding metal ions. Sin1ilarly, the absorption band from 1625 cm-l typical ot tile 
"'C=N stretching vibration frequency shifts within the spectrum of the complexes towards 
wave numbers that are about 20 cm· I smaller. 1his behaviour points out the coordinati0n 
of the Pitrogen atom with the Cu(II) and Co(II) metal ions . 

. . 
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Table 1. Elementary chemical analysis for the prepared complexes 

Compound I c % N % I 0 % I ct .. 
•0 i 

. 
M °'~ I 

I cak eKt>. calc. <lKI). l cfilc. eKp. __j cak. l~·- i cillc. j .:xp, j 
Cu(FBFffi.- I 61.28 6-0.74 13.15 I 12.33 ! 14.85 14.0? ! • I • I '1.37 ! 6.8~ ! 
Cu(FBAHClh 61.26 I 60.89 I 14.29 13.98 i 3.82 3.17 i S.93 i S.2! i 8.10 i 7.83 i 
CcfBF1f>,., 61.61 60.32 13.06 12.62 ! 14.93 15.Jsr--.-1·.-16.ss -r6j! I 

I 13.82 i CcfllFHCI» 61.53 60.81 I 14.35 3.85 3.20 I 9.10 I 8.69 I 7.57 I 7.1 i; I 
Cu(BFAHCl)., 48.97 48.17 7.62 7.11 I 21.76 20.92 ! 9.65 I :-r-:;;:;-r-----1 

8.~;' I 8.70 I 8.2.) l I 

Table 2. IR bands of the lVIC44NsOsH30 complexes and the C22N404H16 ligand 
(cm-1) 

3018 (m) 3018 (m) 1 
1---::1-::467 0""(-;-n-:i )---;--71476::-::0:-'(;.-m7)---;--~:--:-:c...:----+, -v-'--c.i.=r.c.:.:.;c( Ar) l 

2850 (m) 2850 (m) l v (-OCH,) I 

t--:--i~::-::~c':~-':(:;,.<,?::--+---'i'-:':~~~~~(:.,.~ --+-.........:.::.::..:-=c__---i!- --------1 
2720 (m) 2718 (m) I VAr·CHO I 
1695 s 1693 s I 

1670 (s) 1652 (m) 1660 (m) I "f':"'() I 
1638 (m) 1643 (w) 1 ami<la l 1 

1620 (s) 1603 (m) 1605 (m) J vc-N I 

1580 (s) -- --, 1580 (s) 1579 (s) I Y(:.N I 

1---::'7:'-:--:--:-~~-t--~::-:"'.::-:-:--:-~~--t-~--,__,_...,.....~~--!l~am=:.i~da~I~I'---~-__j 
t---;-!0~4~4~(~m~)--+------:-1705~6~(~m7) __ +-----:1~0~54:--701~1) __ ....j......'...=.1'•----_J 
t--_11_6_0~~~)---j--1~1~45~1~:m~)--+--17.14~8~(~m~)---!r--'-""'-='-.iD...--~-l 

505 (m) 520 (m) I "M-0 I 

475 (w) 393 (w) I "M·Nj I 
329 (w) 308 (w) I .., . _ 

v - • 
s - strong; m · medium; w • weak 
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Table 3. IR bands of the MC40Ns02H2sCI2 complex and the CzoN40H14 
. ligand (cm·1 

C? NOH N O?H? Ch CoC Ch Assi -nment 
3o!O (m) 3010 (m) VCH(Ar) 
1880 (w) 1888 (w) 6f:H(Ar) 

71 

J 
I 
I 
I 
I 
I 1450 (m) 1450 (m) 

--1 
1625 (s) 1608 (m) 1605 (m) lvr=M 
1680 (s) 1662 (m) 1668 (m) 

1647 (w) 1651 (w) 
1595 (s) 1592 (s) 1596 (s) 

1037 (rn) ' , 1051 (m) 1050 (m) 
512 (w) 535 (w) 
493 (w) 415 (w) 
309(w) 328 (w) 
276 (w) 294 (w) 

s- strong; m - mediwn; w - weak 

Table 4. Ir bands of the CuC30N4010H24CI2 complex of the C1s."l'205H12 
ligand (cm·l) 

C•~N?O..Ji1? CuC?c.NAOrnlhACh I Assi1Uunent 
2962 (s) 2962 (s) I v(CH3)as 
2870(m) 2870(m) ! \' rc11~) slln 
1035 (rn) 1038 (rn) I vcn(Ar) 
1490 (s) 1492 (s) I Vr=f' (Ar) 

1560 (s) 1562 (s) Iv (NO?) as I 
1370 (s) 1370 (s) Iv (No;)siin 
875 (m) 878 (m) I vr.M ----i 

2720 (m) I 2718 (rn) l VA1·-CHO I 
1690 (s) 1690 (s2 I .. I 
ll73(s) 1170 (w) l "'Ar-OH I 1138 (m) 
1635 (s) 1620 (m) I vr~"' ! 

573 (m) l vcn-0 . I 437 (w) VC:n-N 
320 (w) I ON-Cn-N I 265 (m) I v,-... _,..,j 

3402 (m) 3380(w) I \' (Ar-l\'H 2) I 
' 810 (g) 758 fm) I ' s- strong; m - medium; w - weak 

f 
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The analysis of the IR spectra for both con1plexes L~ th.e rar1ge of tlle s111i.111 \va~:e 
numbers has rendered evident the presence of some new bands of low iJJtensity, rm1.gm3 
between 270 cm· 1 and 540 crn· 1. These absorption bands were assigned to the v~ 1-Ci and 
~-N• vibration frequencies whose values are in accordance with obse1varions maut: bv 
the Nakamoto5 for complexes endowed with an octahedral geometry. Uie abscrption band:; 
from 276 cm· I and 294 cm· I, respectively, were assigned to the 
~-Cl valency vibration frequencies6,7. From the Tables 2 and 3 one can notice that for 
FBFH and BFH ligands L'ie absorption bands occur at 1044 cm·l and 1037 cm·! 
respectively, typical of the VJ.vI-N stretching vibration frequencies. In the IR spec;tra of the 
four complexes of the Cu(II) and Co(II) ions, these bands shift with 10-15 cm· 1 tow~rdB 
bigger wave numbers, confinning in this way ihe coordinaiion of the sp2 hyb1 idized 
nitrogen atom with the metal ions8. In Table 4 the IR abso1ption bands of the 
CuC30N4010H24Cl2 c.ornplex and ofFBAH ligand ru:e presented. 
Table4 

The vibration frequencies specific to the groups involved in :he fonnalion of the 
chemical bonds with Cu(II) ion (vAr-OH = 1173 cm·l, VA.r-1"1{ = 810 cm-1) shifted 
towards smaller wave numbers with in IR spectrum of the complex. Tile new absorp11on 
bands that occured in the IR spectrum of the complex in the range of the smali l\·a'" 
numbers of low intensity at 573 cm· I and 320 cm· I are assigned to the vibrations of vc 11• 

o and vcu-N valency and to the defonnation vibration 5N-Cu-N3,5. The absorption band 
from 265 cm· l was assigned to llle frequency of vcu-Cl valency vibration frequenc.ie~0:· 

TI1e bands corresponding to ihe electronic transitions and assigned 10 these one" 1'c11 

L'ie prepared complexes and L'ie ligands are presented in Table 5. 
Table 5 

As it can easily ascertained from the data presented in 1he table, the 11bso1v1ion 
bands specific to the chromophore gr"up of the ligands are included i.n the 30770-38815 
cm· I range. As for the complexes, the above mentioned absorption bands arc found again 
in the spectrum, but they shifted towards the lower frequencies ru1d tllere occur ti.111he1 
bands due to the d-d transitions. The assigiu11ent of the ekciron.ic iransitions of th.i C.)iff; 
complexes has been peifonned by using a splitting diagram in accordance with the data 
presented by Meredith P.L. and co-workers9. 

Driessen W.L. and co-workers IO and for the Cu(II) complexes a splitting diagra111 
for a distorted octaliedral geometry was used 11, 12. 

The frequencies of the electronic trnnsitions for all the c<m1plexes point to a 
distorted ociahed.ral geometry with a stronger disiorsion for ihe CuC~oi{101oi·h~Ch 
complex. This statement is in accordance with the values of the electron parameters of lhe 
ligand field (Table 6) for the Co( II) complexe-~. 
Table6 

11ie different valu.is of the flt ruid .C.s splitting paramel<lfil of th.i two comµl~x.:;, 0f 
Co(II) point to the presence of the chlorine ions within the coordination area of c,,:1I.•. 
Similarly, the value of ll-ie 13 parameter suggests the tact that the chernicn! bond 'H thi~ 
CoC40NgOzHnCl2 combination has a stronger ionic nature than the CoC.uN~,ixHm 
combination. The values of the experimental m~gnetic moment> · · - - · -
(Table 7) both for the Co(II) complexes and for the Cul!n ones (''1nfo111 the di<i01·1,,.4 
octahedral geometry 13, 14. · 
Table7 



SOUTH. BRAZ. J. CHEM., Vol. 5, N° 5, 1997 

T. Ros:u, A. K;Pizq, y. Capau & A. Niaolo:e 

Table 5. Electronic spectra and the assignment of the transitions (cm-1) 

Compound v, cm-1 Assignment i 
C22N404H16 35715 I 1t--+1t* 

130770 n--+it* 
CoC44NgOi;H:;o 33200 it_,.it* 

29020 ll~1t* 
21100 4T1;i(4F)--+4T1 a(4P) 
16540 4T12(4F)--+ 4A22(4F) 
9120 4T10<4F)--+ 4T?o(4F) 

CuC,uNi;Oi;H30 34278 1t_,.it* 
29435 n--+n* 
15420 z2 __,. x2-y2 I 10250 x_z_vz_xv --+ x2-y2 

C20N40H14 35210 lt-:)>1t* 
32430 I n--+1t* 

CoC40Ni;QiH22Cl2 34015 I it--+1t* 
131210 j n--+it* 

22840 4T1 l!(4F) -~ 4T1 l!(4P) 
17415 I 4T1 u(4F) ..--; 4 A22(4F) 
9260 

14T10(4F) _,. 4T?<>(4F) I 
CuC4().l"l'80iH28Cl2 33890 I it--+it* 

31075 n--+it* 
15940 I z2 --+ x2-y2 
.9850 ~- ',':::.~' _,. x2-y2 

C15N205H12 38315 it-> it* 
35720 n-,i.it* 

CuC30N401oH24Cl2 36500 I it--+1t* 33720 11---:>it* 
16400 I x2-y2 __,. xy 

I 18250 z2--+ xv ' 

73 

Table 6. Electronic parameters of the ligand field for the Co(II) complexes (cm"!) 

Para.roeters CoC 
!ODq I 7420 

I B I 690 
p I 0,710 0,84~ I 
.11 I 390 647 

"' 
I 652 548 
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Table 7. The molar electric conductibilies, AM (Q-1cm2mo!-1), a..-i.d the 
experimental magnetk moments, µexp (MB), for the prepared 

complexes 

Table 8. The values of the splitting parameter, g, for the Cu(II) complexes 

Parameter 
2,077 
2,142 
2 266 

2,005 
2,204 
2 175 

0 a!-:I27Ch 1 
2,015 I 
2, 198 f 
'>ll') t 
... ) .I. .1...-

0 M (II) = Cu (II); Co (II) 



SOUTH. BRAZ. J. CHEM 

T 

., Vol. 5 No 5 
• Rosu A Kxi . ' ' 1997 , . za, V. Ca:r>au & A N • Z • -z.ao ae 

75 

® ~ i'~,= Cu (II); Co (II) 
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HOC OH 

HO 

M (II) = Cu (fl) 
X=CI 
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TI1e molar electric conductibilities of the solutions of lo· JM concentration. in 
DMF, for all the prepared complexes, have values lower than 65 Q· imo!2cm· i . 
(Table 7) establishing in this way the non-electrolyte nature of these ones. Die vaiues of the 
tensor {g} obtained from the ESR spectra for the Cu(II) complexes are mentioned lii Tabk 
8. 
Table 8 

TI1e intensity of the bands and the anizotropy of the Sx and Sv parameters from the 
equatorial plane may result from the different interactions with the figa.'1.ds which cause a 
rather strong <listorsion 15. Correlating the values of the expe1:U11ental <letennmations one 
can hold that all the prepared complexes belong to the distorted octahedral sirnmeuy group 
(Figures a,b,c). 

CONCLUSIONS 

New complexes with derivatives of phenazinoilhydmzi.ne have been synthetised;. 
Spectral and magnetic estimations on microcrystalline powders of ihe prepared 

complexes have been perfonned; 
The Co(Il) and Cu(II) complexes belong to the distorted O}J symmetry group. 
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