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Magnetic moments of bivalent metal
complexes of aminobenzoic acids and
pyridinecarboxylic acids

Table 1

Complexest p (B.M.) Complexestt s (B.M.)
Cu(PQC),-1/2 H,0  1.84 Cu(o-ABA), 1.86
Cu(NA)z-1/2 H,O  1.86 Cu(m-ABA); 1.86
Cu(INA)2-4H,0 1.86 Cu(p-ABA); 1.95
Ni(PC);+4H,0 3.05 Ni(o-ABA), 3.12
Ni(NA);-4H;0 3.10 Ni(m-ABA),-2H,O 3.18
Ni(INA),-4H,O 3.23 Ni( p-ABA),-2H,O 3.11
Co(PC),-4H,0 4.70 Co(o-ABA); 5.30
Co(NA);-1/2 H,O 4.6l Co(m-ABA) 4.52
Co(NA)2:7/2 H,O 5.23
Co(NA)2Cl, 5.46
Co(INA);-4H;0 4.91

t PC, NA, and INA denote anions of o-, m-, and p-pyridine-
carboxylic acid, while NAH rcpresents neutral from of m-pyri-
dinecarboxylic acid; ft The abbreviations of 0-ABA. m-ABA,
and p-ABA denote anions of o-, m-, and p-aminobenzoic acid

SKMPMOERE— > bX 1.87B. M. 2% IhT
WEHY. HROREERIIRAE~ 4> MEX Y Z&HKE
BEZLNEV. X, BAT— 22 bOEIZ3 KM E
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RO p-ABA OFSEERIC OWTIXRRAET—» > MEX D
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5.

=y NV EIRKIZOVWT AL BR T2 M,
(3.11~3.18) B. M. TH b, AFEEAE = » & VEEKIT D
WTHEXNTVWA IR T— 2> ~{E (2.9~3.4) B.
MBI LT 5.

a0V MERIZDOWTIY, BALTF2% 0-ABA & m-ABA
CED Bk BAT— 22 MERBOhE Thb
H, BIETIE 5.30B. M. #FEicoWnwTit 4.52B. M.
THhote NNV FOFERE L ATEKRBEEKRCHEEE
R DWW TIE (4.7~5.2) B. M. B¢ (4.4~4.8) B.
M. LWHIRRE— » 2 MABBREShTW39D.

312 BYSOHLRVBOZREE ©YIUUD
WECBOZRRMEED ST (1.84~1.86) B.M. ©
HEHCHIAE— 2 PEBELTWSZ L XD, #44
Moz € MEERRERTE .

Bohic= v rVBERITRTAKWTHY, X0
WMEKET— 4> M (3.05~3.23) B.M. 0FHicH D,
ANERNEEZ L0 LEXLLNRD.

a0V FEERTIE, Co(NA),-1/2 H,O XK1t Co(PC),-
4H,0 31#hzrh 4.61 RO 4.70B.M. OHA€— #
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% trans-planar ZEERLTUE, EAKIIAEE Can WHEL
FONERE vm-n B vm-0 B—2FT2dH Y, ii) L
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Fig. 1 Far-infrared spectra of M (PhNH,),Cl,

(a) M=Cu(Il);

320 RV 300cm-1 g A b b ¥ — 2 3B bH Tk 418,
356, 245 Ryt 220cm-! #S LCk b, 413 R
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WEAsEik & UTRELY, RILBHRCFav{bho 3 &
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(b) M=Ni(Il);

(¢) M=Co(I); (d) M=Zn(II)
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Table 2 The assignments of vy - in metal complexes of aniline and benzoic acid (in cm-?)
Complexes Vi-N vN-0Ol Complexes Ya-0
Cu(PhNH,):Cl; 430 355 Cu(PhCO3).:3H,0 338
Ni(PhNH;),Cl, 390 348 Ni(PhCO;);-3H,0 295
Co(PhNH,).Cl» 413 (asym) 320 (asym) Co(PhCO3); 282
365 (sym) 295 (sym)
Zn(PhNH;),Cl; 400 (asym) 295 (asym) Zn(PhCO;)3 305
363 (sym) 285 (sym)
Table 3 The assignments of yy-n and vym-o in aminobenzoate-metal complexes (in cm~-*)
VM-N . YM-0
Ligands - - :
Cu Ni Co Zn Cu Ni Co Zn
0-ABA 482 360 410 413 343 312 300 290
m-ABA 435 375 417 (asym) 370 375 270 270 (asym) —
380 (sym) 250 (sym)
£-ABA 444 375 — — 297 260 — 272

2%, oLBEEORBLD, 390 XU 348cm-! OV
— »% Ni-N R* Ni-Cl o@ERgc@BE L

Sl EDiRB% Table 2 TR L7z
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BT 5 M-O [BEREFHORBIZE, 7 v &BHEED
BANARY FVOREBY® 2BE L L. Tinbb,
trans-[Cu(gly)s] BN trans-[Ni(gly).] (gly=2"Y ¥ >
D7 =Fr) TRIFD vm-o OREIE, ThTh 360
ROF 290cm-1 EXhTWwb., 7Y VU EBEKRTIRF
L— FREENE IR TV B RDI, HIVEFVvEHR
BMEBEATF & LTV TV BB vm-0 137 v
ABEERE D LREREI~NY 7 PR EEZLNB.
REERASERE LTIk & 3Kmndy,
EVIRE - TV 523, Cu-O DiESE#ILhTh 1.97
B 1.91A rxnTwsd. ChomEORFNZRY
RLR BT 5 &, 338 RO 275cm-t B LAY~

b5, FEZNWLSOAEEBEBETIE vu-8 BT vm-o0
ST A EEEBRICII—2 T o0~ 7 LrHESh
¥, BRI ALY "MiE trans-planar Jn ATEREEE
REFHLTVS. —F, BAE— 4 MEX D HEER
B nreXhiz Co(m-ABA), Tk 417, 380cm~! &
W 270, 250cm-1 XEEE Lz B & 2 A oD
DO~ BH b, IhbiXTh £ veo-N@sym)s
YCo-N(sym)s VCo-0Gasym)s B U vco-owsym WCIREL
2. BEDXSKK, MRE— A PXOHEELBEE
BRARARY PVIE—H L AERHERL TV S.
SRS COVTIREER T~ 2 > MEX b BIREL
$ERIB LN o mbs, BRI ARS PV TIE veu-n

Table 4 Far-infrared spectral ‘data for bivalent
metal complexes of pyridine and a-
picoline (in cm-1)

suHbhE. ZD5b 338cm-! ¥~ % wm-o Complexes vM-N va-x Structure
CIBRE L. oKD REX D, fho £BEED CuCl, -pyt 268 235(b)tt  distorted polymeric
° 294(t) hedral
yM-o0 VX (280~305) cm-tic A b b ©— ZRE L. GuBrs-2py - 202(:,) octahedra
3:2:3 F7I/RBFERMOSEEE 7/ BERER ooy 2% gm
trans-NiCl; - 4py
@%ﬁﬁwwﬁﬁé’é%@lkh‘é YM-0y VM-N @d%ﬁm trans-NiBry-4py 235 200 monomeric octahedral
LT, 3-2-1 ROt 3-2:2 TR -RBEBEL L. trans-Nil,-4py 240, 228 200
NiCl;-2(a-pic)t 239, 227 327, 297 tetrahedral
0-ABA D&BiEERIIF L~ MREZ BT 5D T vm-n NiBry-2(a-pic) 239 256
B7=Y o &BERD vu-n DD BEEARD €~ 2 trans-CoCl,-4py 217 230
. trans-CoBrz-4py 200 214 monomeric octahedral
%, X, thoRMEO&BHETIEIY =) Vv EBHEED CoCl; - 2py 252 340, 304
UM-N iC*ﬁfFﬁ*ﬂ'éﬁﬁ@ P— Y% vM-N ‘C’%m L= CoBr; « 2py 250 274, 242 tetrahedral
. Col,-2py 237 246
R, 3-1-1 OKRET— 2> MOEI D= v 7 VEEHKRR ZaCl, - 2py 220 329, 296
ZnBr, - 2py 220 254

U Co(0-ABA); WI/\HAEEE 2 L5 T EBTFRIN
=95, KORLEpS trans-planar {ZHERi3 % H», cis-planar
CEALT BT X o TRFAN RS PVIRERL BT T

t In this table py and a-pic denote pyridine and a-picoline
respectively; ft Small letters in parentheses, i.e., t and b,
denote terminal and bridging halides respectively
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Fig. 2~4 iR L.

ZhoDOEBHEED vm-n, vm-0 DRBITEEL TR,
AR 7Y ¥ o RUEREROEESEERIC ST D vm-o

)

(@
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600 500 T, T E— )

DRBEBHEL, vm-Nn KOWTRE) D RY a-
Ea) v O&BEERICOVTHREINTVS vu-~ DI
kHEL LW, Table 4 TZhbHD vy-n ZTL
7.

o-REEH®KTH D PC X L~ MRERO-DICEEL
L, fhoRiEthko $EB#EIZITS vm-n X vm-0
DOIEXD D BEEA ~Y 7 FTH5ZEBFEINS.
NA R INA 0 X 5ic% v— MERERTE WEAL
FRERDEBA AL LESLTROIETERAT S
zEiins.

©

= Absorption

600 T R T — Y

Fig. 2 Far-infrared spectra of M(PC),
(2) M=Cu(ll); (b) M=Ni(Il); (c) M=Co(Il); (d) M=Zn(ll)
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Fig. 3 Far-infrared spectra of M(NA), and Co(NAH),Cl,
(a) M=Cu(ll); (b) M=Ni(Il); (c) M=Co(Il); (d) Co(NAH):Cly; (¢) M=Zn(Il)

3.1.2 KR WCERB LA L Sic, BAE— 2 MAR
=y F VR a v MR TR TATREEEY LD
LEHTHBLTWS. LaL, AEEEEETLAME
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REHETTRTTHS. ThHEY VU DVRBO
BESNARY bV EHB L, vu-0 B vm-n CHET
5 X 5% BEME cdrhth 1 £Fo0— s nn
bhaziXb, £hoo iR trank—planar I AT
HRE EZ2 O, ETORMEE KGFHLWEEE
AAVREST EDLNBEDTHAS. LrLihs
Co(NA):-1/2 H;O TI3EAIKZEE R Wi, ETD
BRI o3V VBRI LI NARED S 10
LEZLNEN, BT OVWTRECRITTALERD

5.
SERIT OV TIIREA T — > MAX b BIFE S
T &L o ehd, ERUROMEEEKITBRI RS

FVEIIZVIR CEBEZ R L, veu-N BX vou-o0 1A
TODE—o %5252+ X, BALFH trnas-planar
ICHIAL L 7= PREAUEEZ T LTV 5.

AR DR T oWV TIE BRN R RS ik Ca
BT 5B IREL TV, ZOF—2hbDHT
VBB RS IRR S X HIT O RMEIETH D, EICRET B
RN B 5.

Table 5 TiX Y U W VKU BOEEEKITEIT S
vm-N RS vm-0 ORBEZRLTH 5.

ZZTZhLORBEBIT 540 L LTR UATERK
B ® & 3 Co(NA);-2H,0 : Co(NAH),Cl, &
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Fig. 4 Far-infrared spectra of M (INA),
(a) M=Cu(Il); (b) M=Ni(lI); (c) M=Co(ll); (d) M=2Zn(II)

5g¥, €IV REBROLTRALTWS 2E XD
555, voo-0 KERT DI~ I HET 5 Z &858

Table 5 The assignments of yy-n and yy-o in
metal complexes of pyridinecarboxylic

acids (in em™) HEh5. ®E, Fig. 3 Kmlikdic, Co(NA),:
Ligand N a0 2H0 it%hbhd 267cm~! O~ 2 HIETH Y~
Cu Ni G Zn Cu N G 2 1t Co(NAH),ClL, Ti3% h¥, X, Wssikiciz (235
PC 254 245 250 246 335 305 203 290 1 e aes e . -
NA 270 230 235 200 327 — 27 280 ~240)cm-! B LAY~ I BBEENH T L LY,
INA 246 225 210 200 290 282 270 — Vco-N 1T 267cm-! @ ¥~ 2 1XRBTE 5.

B

i}

AT b BT 5 2 L REKEY. Tiabbik

ZORERTII A VRSV ETa N b EDORALICIIE DEOEBRERZERT L LTI VELNEER
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BRIRO LB D TH 5.
i) BRE—22 bOELD, CIOLHVRBED
= v FVEEER RO a 200 MEKRIZ O W TR AT RRE S
BRBREIN. T/ REER O= v FVEKRED p-
ABA o,y MEKRIZOWTD, BAT— 22 MEX
b, AEHREBENHEEINDH, m-ABA o a,uv b
SERCIINEAARERE X LONRETHD.

i) EV O VFEUBRRUT 2 REEFERD 2 H&
BEEAERDBFNARRYS PVEEEFT L, vm-8 B vm-0
DORBEZT, B OB EELEE L

i) BRI RRY MVIREBA & K LR
ZRL, ThbHEMNFOLEEERORBICFIATE 5.
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Far-infrared assignments for metal-ligand stre.
tching vibrations and magnetic moments in
bivalent metal complexes of pyridinecarboxylic
acids and aminobenzoic acids. Masahide Nojr
and Yoshinori Kmant (Faculty of Pharmaceutical
Sciences, Nagoya City University, 3-1, Tanabe-~dori,
Mizuho-ku, Nagoya-shi, Aihi)

J. Chem. Phys.,
10) Spec-
11) Inorg. Chem., 4,

12)

KAGAKU Vol. 24 (1975)

Anions of o0-, m-, and p-pyridinecarboxylic acid
(abbreviated as PC, NA, and INA) and those of o-,
m-, and p-aminobenzoic acid (abbreviated as o-, m-,
and p-ABA) reacted with bivalent metal ions {Cu(II),
Ni(II), Co(Il), and Zn(II)} to form metal complexes
of the composition with the ligands to metal ions ratio
of two to one. The magnetic moments of these metal
complexes were calculated from the magnetic suscep-
tibilities to deduce their structures, on the basis of
their far-infrared spectra {{600~200)cm~—'}. The far-
infrared spectra were specific to the metal ions and
can be applied to the identification of these metal
complexes.

The observed magnetic moments, (3.05~3.23)B. M.,
suggested an octahedral structure for the nickel com-
plexes of both pyridinecarboxylic acids and amino-
benzoic acids. The magnetic moments of the cobalt
complexes of the pyridinecarboxylic acids were found
in the region of (4.6~5.5) B.M., suggesting an octahedral
structure. However, the cobalt complexes of 0-ABA
and m-ABA gave the magnetic moments of 5.30 B. M.
and 4.52 B. M., which can be correlated to an octa-
hedral and a tetrahedral structure, respectively.

For the assignments of the stretching vibrations be-
tween the metal ions and the ligands, the far-infrared
spectra of the metal complexes of aniline and benzoic
acid were also measured. The reported assignments
of metal-ligand stretching vibrations in the metal
complexes of pyridine, a-picoline, and glycine were
utilized for analyzing the far-infrared spectra of the
pyridinecarboxylic acids-metal complexes.

For the metal pyridinecarboxylates, the peaks ob-
served in the frequency regions of (246~270)cm?,
(225~250)cm™t, (210~250)cm™*, and (200~246)cm™!
were assigned t0 vcyu-N; YNI-N» VYco-N» and vzh-p,
while those of (290~335)cm™!, (282~305)cm1, (267~
293)cm~!, and (280~290)cm™ to wvcyu-05 VNi-Os
Vco-0s and vzy_o, respectively. For the metal amino-
benzoates, the peaks observed in the frequency regions
of (444~482)cm™!, (360~375)cm~!, (380~410)cm™1,
and (370~413)cm~! were assigned to yvcu-N, VYNi-N»
vco-Ns and vzy-n, while those of (297~375)cm-},
(260~312)cm™, (250~300)cm™!, and(272~290)cm™1!
t0 You-0» YNi-0» VCo-0» and vzn-o, respectively.

(Received Feb. 12, 1975)
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Far-infrared spectra
Bivalent metal aminobenzoates
Bivalent metal pyridinecarboxylates

Structure elucidation
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