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The retention properties of mono-nitrated 2-(2-pyridylazo)-1-naphthol (xN-a-PAN, x = 3 or 5),
in which a nitro group was involved at the 3- or 5-position of each pyridine ring, and their metal
complexes in reversed-phase high-performance liquid chromatography (RP-HPLC) were investi-
gated. The retention time for the neutral complexes became longer in the nitro derivatives sys-
tems than in the a-PAN system. The bulkiness of the nitro group strongly influences the reten-
tion time for each metal complex. The peaks for cobalt(Il) complexes as well as that for
cobalt(III) complexes were observed in the N-a-PAN systems. Moreover, only in the 3N-a-PAN
system, the retention time of the reagent itself was observed to be shorter than that of the cation-
ic. Co(III) complex. The acid dissociation constant, the partition constant, and the crystal struc-
ture of 3N-a-PAN suggested that the neutral form exists as a hydrazone (keto) tautomer.

" Keywords : 2-(3-nitro-2-pyridylazo)-1-naphthol (3N-a-PAN); acid dissociation constant; partition
constant; crystal structure ; azo-hydrazone tautomerism.
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BEMTE LTRE, 2BOB{LESEMEICE LT, &
HdhBWIEEA + HEOSEEEEERT S, B2, 8 =
JNIVE, =, S F LR T AL E, BRU=
v VA kv ik [Fe'Ly] RO [Ni"Ly) O tE$Etk%, =
IV BBV F V EIE [Co"L] T H BT [Cu'L]”
DA T v 2 REBE LTERTS. LT, Th
HOEREZ M HPLC ICEAL CHBESE 2 L &, Wi
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2-(5-= b T-2-¥) YT V)-1-F 7 b= (5N-o-PAN)
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PAN) (HXT, SEEOEVELBEIRAP 2IELE
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¥ 72, a-PAN A% B-PAN & [FBRIZ, Co(ll) sEKRZTEK L7
%, ERLPICBILSh T Co(lll) $EEICEBDIZHL,
5N-a-PAN T3 Co(Il) $ERMPRETH L E LTS, #
D%, SN-a-PAN IEEZOIREHICL > TH, =v 7,
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BMKEEEE HLE) CIOBELLI0ZHEV.

2:3 HPLC
AEHAWIE, 25X 10 'moldm "RE Y F FH VBH
4ml 12, Fe(lll), Co(I), Ni(Il), Cu(ll) ZFhEFHh 1 x
10 moldm * ZELRBBIml ZMAL I EICE DA
WL (pHA . T/, a2 xnban sEEEm,
25%10 *moldm *REIFFH VE@ 3mIIZ, TR
VY VEE4X10 *moldm * % &E 25 %10 “mol dm °
Co(Il) ImlZMAAZEIDAHELZ pHB6). RiR
T30 SHBEBL®, Z0100MEF YTV, T2y
=2k ru= brS 7IZEALL. WHEIZ 0.8 ml
min~', 7T AREIX 40T KERELL. BHATHRCLVF
MHEICL D 200~900 nm DHZNXEEZE=F—L, 2O
T, 400~800 nm IZBIFHRKBEENS 70T 7
L%, T2, €= ORBEIEBINARS PV EH
(VAR

23 ERBEEN

XBEHF—F0HlER, 5774 bTHAILL
MoKa# (1=10.71073 A) % X#IEL L 173 K TIT > 7=.
HE 2 BN-0-PAN DAREEHIRD B 2 F /-, &Xaf

NI | -El ectronic Library Service



The Japan Society for Analytical Chemistry

oo &, KM, KE, KM, WH : #i# HPLC 2817 % PAN O = + uiFBik s Z DS REEHD RS 1123

Table 1 Crystallographic data and experimental details for 3N-a-PAN

Formula CisH1oN4Oy u 1.1l em ™
Formula Weight 294.27 26 max 55.0°
Crystal System Monoclinic No. of Reflections Observed 10381
Space Group P2,/c No. of Reflections Used 2597
Lattice Parameters a=17490(3) A (I>0.50),20<54.97°%)

b =15.799(6) A No. of Variables 239

c=11.138(5) A R 0.067

B =103.626(5) A R 0.074

v =1280.9(9) A’ R 0.147
Z 4 Largest Residuals 0.40, —0.40e A™*
P 1.526 g cm? Shift/Error 0.003
F(000) 608.00

a) R, = X||Fo| - |Fc||/Z|Fo| for I > 20 (I) data, b) R = L(Fo™Fc")/ZF0’], ¢) Ry = [Sw(Fo™Fc’)?/Lw(Fo*)*1'*, w™' = 6°(Fo?)
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Fig. 1 Chromatograms of 3N-a-PAN (A), 5N-a-PAN (B) and a-PAN (C) com-
plexes

Mobile phase: acetonitrile-water (70 : 30, v/v) containing 0.01 mol dm 3

NH.SCN
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EEAL, BIEIEZMA TEL~ M) v 7 ARDNTHRE

[ = ",_2
CEDMEL . BT HART R ORE 5 BOEI 3 MREER
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Fig. 2 Chromatograms of cobalt(II)- 3N-a-PAN (A), 5N-o-PAN (B) and a-PAN

(C) complexes

Mobile phase: acetonitrile-water (70 : 30, v/v) containing 0.01 mol dm™* aque-

ous MES-NaOH buffer of pH 6.4

=

HBH[Co"Ly) TRV [Cu'L] T OB EEEICT LD
BEM L LT 0.0l moldm *NH,SCN 2&L 7t =t
-7k (70 : 30, v/v) REBELHVL.

WTFNRORERICBWVWTD, [Fe'Lo], [Co'"'Ls]",
[Ni"Ls], [Cu"L]"®¥—2p#iti&hsz (Fig. 1). kT
W7z X 912, 5N-a-PAN R TIE, Co(l) $iANELETH
HBEBEISNTVEY, TORIIBVTY, £ETS
Fe(Ill) g & OBILBICRIGIZL D, ABBRP TR
[Fe'Lsl, [Co™Le] 2SERDTE LTHAET AT LHPRES
nas.

EV Y UVRA~O= buoBEAICLY, HHEARTH S
[Fe'L;] RO [Ni'Ly) OREFEESAEL A, = rukor
XEEDPKELBEBTLIEN S o, £72, [Fe'ls)
& [Ni"Ly) OWEHIEICE{L2 R 5N/, o-PAN R, 3N-a-
PAN %, BN-a-PAN ZNEL B FHELL I EITLD,
[Fe''Ly] ORFEDY (NI"Lo] 10 L CRIRICKE K B o T
WBHZENGPA. BIZ, KRED, S, PHEEEORRES
KEWVRAIEIZLE [CoMLo] "SCN  DREFI/NES LB LW
IERMEBEONT., ANKUHMELAETS aPAND LW

X B-PAN T O TAT o 728/ o v D 4 4 28 M
HPLC I2BW T, g, = v 7 vekfke o 00 bMbAo
MICFABOEMAB SN TVDEA, I IUZIEE ICRREY
HRThH5.

REHHOREFFE, BALL= PoROMEIZL > TKA
EL Bhol. INHD - FRF YT VLAY TR
TV (=) B-vF5Vy (1) BoEEEED
AN Twa, LMo T, ZOFENe NIV R
Y7 ML, BRSNS RBEEZLOND. LL,
IN-a-PAN TR LN B X H 12, #EBEA T 0L F o3 Th
% [CoMLy]""SCN™ & ) /M E R BEF IO TENTH S
LEZLND.

Fig. 212, 2790 b (D $KREREZ 7 7 HIEALT
Bohfzzu< bS5 a%7RY. BEMHEL LTO0.01 mol
dm ™ * MES-NaOH #%& i #] (pH 6.4) &L 7t =1}V
V- (70 : 30, v/v) REBEEZHVW. a-PANRTIE
[Co"Ls] D¥ =27 3B LNT, [CoMLo] " DIEK Y v —
TRE=ZOARVPE LNz, EAR, 7T 50 LWEHTI
CALEERMICBILINAZ EAURRENS. —F, SN-
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Fig. 3 Determination of the acid dissocia-
tion constants

O: 8N-a-PAN, []: 5N-a-PAN, &A: q-PAN

0-PAN R R OF BN--PAN % Tid, AL [Co'Ly] DY
— 7 DABBELN. NBICX o THEBINRLTW
Co(II)-5N-0-PAN §h K & [E] %, Co(II)-3N-o-PAN 51K b
ODS /1 7 AHFICBWTHEICHFETE B I LD Th ot
[Co"Ly] & [Co"'Lo] DWW THiEREW fE % N-a-PAN
i, ANV F CEEOERBOSEESHTICH LT, B
I HIETEARIEL R DB,

32 ERFRBETIE

3N-0-PAN 58D E VBRI AT 5N-0-PAN $5RIZ A~
T, BU2DLTPRENT LEEZEBICANS L, Fig. 1
KU Fig. 2 TH SN2 [Fe'Ls], [Co'Ls], [Ni'"Lg] D¥—
7 HEDOKE DS, $EROKEM I SN-a-PAN #& & 5N-a-
PAN R TRELZEG R VEZZ ONS., SBAEEERKIGIE
VA ABTHALEBA AV ENA RABRTHAEMTED
KIEThY, &%, RUFONML RERERE LTl E
SEEROERERIIILBIBERIZH L. FZ T, SN-o-PAN D
iR M E B % R, BN-a-PAN K U @-PAN & HEg L 72,
VI IVVBROBBHRERI1IUTTHY, EELEL
RDBZ LN TELRWAD, b FOx v VORI TR
DA EPELT.

FRFRMEE B Ko 1R (1) THZ 5N 5.

(H'][L"]

HL] (1)

Ka(OH) =

T R BEEORNANRY M VOELIFED
bM7:7:%, Hildebrand™ & D FHEIZHE - T log ([HL]/
L") OfE% pHIZF L T7ay b¥5ZLICLD
pKaony %KD 72, 3N-a-PAN J UF 5N-a-PAN (2D T,
FNENSKEDLY ) —VdHdrWIEI4 4V BRES

#ZIH, K, KB, KM, WH : $FH HPLC 28175 PAN 0= f 0iF#EkE 20 LRBEEROREEY 1125

Table 2 Dissociation and partition constants of o-

PAN derivatives
log Kp
Reagent pKaom -
Chloroform Octane
3N-a-PAN 10.2 5.1 1.6
5N-¢-PAN 7.2 7.6 5.1
a-PAN 9.3 —_ —_

HELTHE pKuon) 2RO, ZNOHOEEZHAVIMEICL -
TKRFTOBBHER*EHR L. /2, aPANIZOW
T, XBE""2HCCHEBRICER L. Z20#E%
Fig. 3 R U Table 2 IZ/R9.

3N-0-PAN @ pK,om 102 E VI BOTKRERMEE %
272, BN-a-PAN £ 1) 33 KR& <, L2bETFTRIIEOE
W2 MOEEFL TR0 00D 5 T a-PAN LD 14
1 K& otz

33 W-RIECFE

3-3-1 HEDSE  HAH HPLC IZBIF % 3N-a-PAN
DBOT/PNEZRFBVPR-BEIRIZBVWTCHEHRINS %
BT 5720, BT/ uaRVAREUL 2 ¥
YRUIBITBTEER Ky ERDz, HEBEOD, 5N-o-
PAN IZDWTH AHRDOMRE 217 o742, pH>12 TiX, &
RO log DL 133X (2) THALNAS.

log Dy, =log Ky — pH + pK.on) (2)

pHIZH LTlogh, 270y M5 &Z0MEeHE1 & 7%
D, pKuow 75 log Kp ZRETHIENTES. BHhN
7ok R % Fig. 4 R Table 2128 F. 7@ uiivi R,
77 HROVTRIZE T D SN-a-PAN D5 FLEH T
BN-0-PAN & D b/ &L o228, EOEIIMAEIBER
THR%Zo7. 70URIVARTIE 25 ThHholtED, + 7
Y UyRTISE Lol SN-@-PANDBFZ ¥ D XD 7
IBEEEP T, BEUEOBVEELTHRLLI 5
BT, PHAEIB SNV THEEELOLNS,

3-3-2 /UL M(IN) $EOSE 4 HPLC OB
WT, 3N-o-PAN ORFFREMI, &BEAOEF I
Ehhdhol. TOBBIIOWTREOEE L A, -
WARICBCTHER L. &REE L CEBRTiEZ 2H
% 3D Co(IlI)-N-a-PAN #15% EIR L7z, Co(Ill)-N-a-
PAN 1k (CoL,") &, AMizBwTH7=4> (A7)
ERDED AT U REERTLEEZOND.

CoLy" + A~ == (Col, -A")
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Fig. 4 Determination of the partition con-
stants on 3N-0-PAN and 5N-a-PAN

Organic phase: (A) Chloroform, (B)
Octane; &: 3N-a-PAN, O: 5N-a-PAN
CoLy - A~
(Cole = 1CoL. ] (8)

[CoLs' 1[A"]

ZZT, Koy 134 F UHHERERERT. ERLA
F U OFEETA F R FEERKIE, ROLHITEKT T
ENRTXB.,

(CoLs"*A™) == (CoLs"' *A7),
Kb oLz = M ( 4 )
[CoLs - A"]
ZIT, WED o XABMICTET 2iLFEEL RT.
FLCEMBESE L, RKOIIICETIENTES.

CoLy" + A~ == (CoLy"*A"),

_ [COL2+ " Ai]n -

Kexcors = - = (5)
[CoLs 1[A7]

KQ,COLZ : KD,(IOL‘Z
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UEroV#EEETHEL, Co(llI)-N-a-PAN &K
(CoLy") DABRILIIRDEIIIRTIENTE S,

SRR Dogy = [C+0L£ -A‘]:,
[CoLy ]+{CoLs - A7]
_ Keocos[AT]

1+ Kicoro[AT]

(6)

TITAMPOBEMONT = VIRE (A7) &, X
DEICRTIENTES,
[A7]= Caw —[CoLy" A7] (7)
WLt 7 =% >~ OIBED, $$ROBE L ) 5128
WERHAET (Ca> Ceay)» —KEBE L TP ORIBET
BEMzoL ([A]=Ch), R(6) IERRDIHITERR

5.
Caw 1 | 1
A = — (‘A,w + ( 8 )
D(‘,()I/z KD,(IUI_Q Kex,(}oLQ

K(8) IZHETE, Caw/Deoory & Can XL TTHEY b
T2E, BRIBONLEITTHS. TOLE, BPE
BT X Y RDEPERDOLHRE D S, Co(Ill)-N-a-PAN
RO I YR PEE Koco, &4 4 ¥ M HIHE R
Kexcoy ®RDBZEDTE, 72, XK(5) XY, 414~
SHERER Koo, ZRODD LN TED.

Fig. 5, 6 KU Table 312, x4+ & LTHEL®A A
CRUBIEFEEA L+ CEBVWTEBONERERT. BB
MHELT, HILMRTIR1-A 2% 7 =N/ F o5 (8:7,
v/v) BEBEY, BEFBRATIIA I/ -V /A2
¥ (1:9, v/v) BEBEZBEIRLZ. »EEVEHER
A TlX, Co(II)-5N-a-PAN KD A+ % 5 ELE K log
Ko i, 3N-o-PAN SR L D b 0.28 K& oz, %7z,
A+ kR EH log Ke b, HTHTiED 525 5N-a-PAN
DT R ENENE SN, —F, EWRTIEA
I U SEERICIZIZEALENRL, T2, AF URE
BREBTIE, 3N-a-PAN A0 139 % 5N-0-PAN 5K X D
b 02 KEVWENESONR. ThLDORERIZ, =i
MNBOAZ KL TWAEEZELZ LN, 3N--PAN OFET
Aon/FRN 228, Shol- Mok TiiBEsh
BWZ EATRENT.

3-4 WRBERENT

Iy =5 OEREHICL D ELN SN-a-PAN Df
FICHT 5 X BB ERITOMR T Fig 7 XU Table 412
TRT. B X N7z N(2)-N(@3) DFEEER 1.336(3) A ThHo
72. TVEL (N=N-) ROk F5V U (NHN=) OfFE#
B2 BEMEAS, N2 1.24 20014, 1.39=0.01A L#HE
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Fig. 5 Determination of the extraction, par-
tition and formation constants on the ion-
associate of Co(III)-3N-a-PAN complex cation
(CoLs") with chloride ion in the l-octanol/
octane (3 : 7, v/v) mixed solvent systems (A)
and with perchlorate ion in the 1-nonanol/
octane (1 : 9, v/v) mixed solvent systems (B)

ERTVBRIENSY, ¥ KTV VRICHET BEIZL Y
W, 72, O1)-C(6) DHREIX 1.242(8) A TH o7, 7
/) —NVE (COH) RUF/ 4 FH#l (C=0) DiE#R %

Cciow / 103 mol dm3

Fig. 6 Determination of the extraction, par-
tition and formation constants on the ion-
associate of Co(IIl)-5N-a-PAN complex
cation (CoLs") with chloride ion in the 1-
octanol/octane (3 : 7, v/v) mixed solvent Sys-
tems (A) and with perchlorate ion in the 1-
octanol/octane (1 : 9, v/v) mixed solvent sys-
tems (B)

stants of Co(III)-N-a-PAN complexes

Table 3 Extraction, partition and formation con-

Reagent Counter anion log Kex log Kp log K¢
PRBEAS, €M €N 1.38=0014, 1.22+0.01A L#ESh AN PAN o 581 o049 332
TWBHBDT, ¥/ 4 FRNIHY T AMEICRO TRV, B ClO,~ 431 1.01 3.30
N(2)-H(10) KU O(1)-H(10) DIE#EZ, Fh2h 0.99(3) 5N-0-PAN ar 3.63 0.51 3.12
A, 181(3) ATHY, N(2)-H(10) O(1) KERZEHTL a0, 465 129 336
Twd, MAT, O2)-HA0) DEEMEA1.9803) A TH 5
ZE25, N@2)-H(10) O©2) KEKEIELTWELEE
Abhd., PEDOZ L XD, SN-o-PAN FHEHFITB VT P o
=] 215}

SBOTREERL FFVY (b)) BELTHFELTYS

ZEHARBEEND (Fig. 8). -PAN O = F URFEMARIE, RER /0 D) k%
BT 5. £, —MRATURT VLEW L R, &

FEZ TNV (D) #ERDIBRTEETH 5. M HPLC 12
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H8

Fig. 7 Perspective view of the molecule and the num-
bering of atoms

Table 4 Bond distances (A)

distance distance
O(1)-C(6) 1.242(3) O(2)-N(4) 1.227(3)
O(3)-N4) 1.237(3) N(1)-C(1) 1.340(3)
N(1)-C(5) 1.335(4) N(2)-N(3) 1.336(3)
N(2)-C(1) 1.387(3) N(8)-C(7) 1.323(3)
N(4)-C(2) 1.461(3) C(1)-C(2) 1.403(4)
C(2)-C(3) 1.385(4) C(3)-C(4) 1.370(4)
C(4)-C(5) 1.386(4) C(6)-C(7) 1.482(4)
C(6)-C(15) 1.467(4) C(7)-C(8) 1.443(4)
C(8)-C(9) 1.331(4) C(9)-C(14) 1.448(4)
C(10)-C(11) 1.392(4) C(10)-C(14) 1.403(4)
C(11)-C(12) 1.391(4) C(12)-C(13) 1.383(4)
C(13)-C(15) 1.399(4) C(14)-C(15) 1.409(4)
N(2)-H(10) 0.99(3) C(3)-H(1) 0.99(3)
C(4)-H(2) 1.03(3) C(5)-H(3) 0.98(3)
C(8)-H(4) 0.96(3) C(9)-H(5) 1.00(3)
C(10)-H(6) 0.95(3) C(11)-H(7) 1.02(3)
C(12)-H(8) 1.00(3) C(13)-H(9) 0.99(8)
O(1)-H(10) 1.81(3) O(2)-H(10) 1.98(3)

BT, RIFLATRTOSBHAEOE — 7 HHRHTHET
HolzZ s, —HOTIEWOFRTINNV LY
rELH TV TINVENTE SV AT AFEMMEAELE L TD
BIERDEFEFICENI LIREENS.

%72, SN-o-PAN I3BOTHERELR NIV RIEARE
e LTHEET A720, ODS #1 J 4, FEBEBESE~D
SEASNE v, ¥ HPLC T, B4 4+ Th b
[CoMLy] & W NS VEFEPBE LN, ZOFIE, B
AMEAERIC DAz b (D) SR A5 #E % 1T
I BRI, AR OB THEAD ODS 7 7 2 H Bk
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Fig. 8 Hydrazone (keto) form
for 3N-a-PAN
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V(=N B-v 5V (&) BEEREEOFHE
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EY)TIUVROSMBEVIHMICZ PORERFEALZ2-(2-E) INVTV)-1-F7 b—LD = u ik
(xN-0-PAN, x=3 or 5) RUZOEREEROEMBRBEES 07 75 7 4 =128 HRIFIFEZ T~
N-0-PAN & TiE, a-PAN RICHRTHEHEROREIEIKRES o7z, = Moo SEHIPHEEORIFIC
B ERITT. £72, N-aPANRTIE, Co(ll) ki HLAADIE, Co(ll) $EDE— 7 HE SN
7z. BT 3N-a-PAN RIZBWT DA, REORFFREHDBE A & VI TH S Co(lll) $EADRIFRMEI D E
%2 EFBEENT. 3N-a-PAN OBRFREEY, FREH, &HEEL, . 2oPlilrse Yy (r

b BEEBERTHEELTWL I EZRRL.
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