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VR E AT A EB AL L 5. FZTHE
gn-mnt §5AE QLB RIS 2,00 L osE
ERIERG, AREEROMIE, #ER S woun T #E)
L, CoLg- ZH\% a0 bDERERESL L.

NI | -El ectronic Library Service



The Japan Society for Analytical Chemistry

oA Lk, oM, AR, W EBRAD-TAALAT berd = P Y AEKICE B0 DR 535

2 WEROEE

2.1 = =
Na, mnt O &% : Stiefel & O FHES [T L THERRL
7. FThbb, ¥FTvibkrrvwa 8l.7¢ % 500 ml
D NN-JAF Lk L AT I FIZFAEL, ZOBKE
K-KIBRTHERL R85, ZHifbxE 126.6g &£ 20
AREATTETL, EHSEE5. BAIEZLHERTH L
R ZBEES. AR LA BUBEZ 210 7rr %
NACHERL, THEEBRSIZFRHLLE, Fike 12 &
MMEGERT 5. £RL BEUREALY ) —1-7 &
EARAAT2HEFHERLL. INEBWE 46g Tho72. T
RO OBRIRDERVTD S.
S¥iE C 25.599%, N 15.149, S 34.76%
S E i (NayCyN,S,) € 25.80%, N 15.05%,
S 34.45%
WA (A1) -mnt $5f&iEHE : NayL 0.0558g &+ o 1/2
ELCHYT 5B OIS (ZnCly) ZEMKITIER
L, £¥#E#% 200ml &L <, [ZnLs2-1=7.5%x10-*M

W E L .
Z DIEWE, BAICHEETHES L b 4 BERE
ETH 7.

(D) Kota S b (1) AR - ELHEH (Zn-
ClL) 1.28g FRU#ifk =231t (CoCly-6H,0) 2.23 g
20 oHL, ThXhFEKCHERL, IN ERRKIE
W 2.5ml Zmxic, &KE® 250ml L7z (3.75
x10-2M). zh 5 oiEHEE EDTA 2 X - TEEL,
BERZISCTHRL THW.

~FHRXFVUVYF LTSI V-EEEERRK:: 0.IM ~
FHAFUYT T IvRERE O0IN BEEHKIER LR
4AUT pH 5.1 & L7,

BrmE-EEEE -~ U v AiE@E AR - 0.1M ERER/KIEM &
0.1IM MEfE -+ Vv & KiFWE AL T pH 5.0 &L
7o. ARERIRTERGZRAWE.
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8 &4 h ik
a0 b (11) 0~22 pg 24 Teathlisui % 25 ml x =
75z ait, 7.5x10-+M HHi§A-mnt £EAE{3E 5 ml,
ANEFGRAFLUT T U FEEEK 2.5ml 2z
pH % 5.1 ikl Lotk ZAW/KTIEMZ 25ml &
L. MR UCCIREI LcsUE 7 5 v o 2B E L, i
288nm TR DB ZRE T D,

4 FERBOFE

4e1 RINEH R

WEa-, 350 b= RO = » &ov-mnt §ERO TR AR
% Fig. 1 1213, ohbosiRoBRIBEGRE, Tht
NHESASE(RTlX 263 & 365nm (e365nm=1.76x10¢) iz,
20 RELRTIE 288nm (e288nm—5 50 % 104), = v 4
JVELATIE 265 & 312nm (edt2nm—2.76 X 104) (75w
Lz
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Absorption spectra of mnt complexes at

pH 5.1

1:[CoL;3-]=1.5X10-5 M;  2:[NiLy2-]=3.0x10-5
M; 3:[ZnL;-]=3.0x10-5M

Fig. 1
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Fig. 2 {oR7T. AR a0 M RO TEER, Fh
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BEELTVWS. 22Tl pHS5.l 2E8BEMEL, ©
DELETHRE (PKa=4.75)-EFEER > Y U LRI D DE
FREREERZ O O>AF Y 2F LT T T2 (pK,
~5. D) -EEBTRZ R Uiz, Ik Bic b5 ko il
HERBOBRETCE LTI, N33 oB8miishs s
PR L, BHEE-TER T MY O LEEERAEH L.

4e2:2 REBEDOEE L MEEZR 1.5x10-5
M (—iE) & LT il (Wgh-mnt §iE) ORnEs
2T 288nm K HBORELRRIE L. TR
SNV MZER L, TAT LA ED EOREEIRMT S
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Fig. 2 Effect of pH on the absorbance

1:[CoL33-]=1.5%10"5 M; 2:[ZnL,2-]=1.5x10-5
M; Relerence : Water

LT X > THRRER—Er DBHEICET 5. AETIR
7.5x10-¢M FFEEFWRZ Sml IjhnT 5 2 Lic L.

4¢2¢3 MNEEDOREEE(L asy b 2pgE LD,
3 DIt » TRBISE, TOBNKE ORRZ LA
Nz T OFER 25°C T 2 RN eI RBE L, B
#% 45 SE—EDBNREZ R L.

402:4 HBEBHEIERME I/ 2 0~2ug 1 b,
SWIRATAREIT XD, MEMEER L. TR
NV 22pg/25 ml % TUE Beer 0 BRICHE 572, 2D
R BEHE L7 BT o = VB REE 5.0x 1041/
mol cm “TH Y, WE 0.001 2 xf3 2 gL, 0.0012
ug Co?t/cm? Thotz. E-T, AEEZ= oV R i
B (J&EE=0.0019 pg Co?+/cm?) Dfy 1.6 fFDOKE R
FT5 BeeF+—vREAETHS qd- 2545
Y (&E=0.0017 pg Co?*/cm?) IZHIK LTHETE
RETDH 5.

WRICEBEOR DR LIEEZMS 7%, a,0v b 1lpg
e, 13 HEVRLERLLER <ToOFHERE
i . lpg ThOEERENE 0.9% THo7. X, K
MDD T 77 OFHESLE (8[H) X 0.787 TH D,
EERENT 0.5% Th - 7-.

4025 HESEAAVOEE  Table | tRTX
51, TVAVER, Tur)LEERE, <~ AD)
3, FhzEhBEMmca s o 100 EEREFLTL
FLIRWVDS, HEAII) X 1000 pg DIRMMTEDRAER
G2, #FIvaID), AL 1k 100pg, =X (ID),
AX(IV) /X 10pg DIFMMC X > TEAIEDRER 5 2
oo L LAXAL), 2X(IV) % 100pg D EFIT

KAGAKU Vol. 25 (1976)

Table 1 Effect of foreign metal ions2)

Metal ions Added (pg) Co found (pg)®
Zn(1D) 100 10.7
1000 9.6
Cd(an 10 11.2
100 14.5
Pb(II) 10 11.0
100 11.7
Sn(II) 10 11.3
100 c)
Sn(Iv) 10 11.3
100 . c)
Fe(II) 1 11.0
5 12.3
10 14.2
Fe(111) 1 11.1
5 11.5
10 14.2
Ni(lD) 1 1.1
35 11.7
10 12.8
Cu(ll) 1 10.9
5 11.7
10 13.2

a) Na(D), K(I), Mg(II), Ca(IT), Ba(Il) and Mn(II), 1000 g
of those ions did not interfere; b) 11.0pg Co(II) taken;
c) White precipitate formed

D EUBELECEREET L.
=y D), $RAD) 2 &iE, a0 b E RBRERE
LTHREVIEDBRELZE 272, ZhHDEFA4 400
SR OV TS RIR T 2 L ERH D,

=y rvAl) PIFET DG, WHENCR % i
Rk pany b (AD) =y AL OFRFREERH A
fEThs5.

4:2:6 LM@Y Ez v @) OFBSER
a0 AL RO= v v (1) oIRE&FHEHAW Y 25
ml x 2735232k, 7.5X10-¢M TE4A-mnt £k
AEE S5ml, ~"FHxFLUF NS T AREBK 2.5
ml Zin%< pH 5.1 2 L, ZK¥/KT 25ml 2% 5.
TarERE% 30 SRKET 5. Fkic LT
LTS5 o258 L LT, %E 288 KX 312nm
BT DWINE Aws BN A3, ZIET S (Fig. 1).
a0 LD Bz o v (1) O E VBRI RN S
SHHTE S,

[Col (M) = (2.58 4555 —0.9745,,) X 10-6
[Ni] (M) = (5.27A43;,—3.254,55) % 10-5

X, gr(ID), gR(IID),

DEOEFET L > T, axu rAD &= v »adl)
OERAFENATE FVWRE L7k A Table 2 iz 7533

4627 2,3-F /X B YU SFF—NEKEOEBE
FF —VRENFZHAWCa NV NER= o FVOER
HELTIE, 2,3-F /739y oFt—n (Hyqdt) @
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Table 2 Simultaneous determination of cobalt(II)
and nickel (II)

No. Co/Ni Added (pg) Found (ug) Error (ug)
Co 19.9 19.0 —-0.9
! 3.62 {Ni 5.5 6.3 +0.8
Co 13.3 13.3 0
2 2.02 {Ni 6.6 7.1 +0.5
Co 15.5 15.0 —-0.5
3 1.57 {Ni 9.9 10.4 10.5
Co 12.3 11.9 —0.4
4 0.80 {Ni 15.4 15.6 +0.2
Co 9.9 10.2 +0.3
5 0.45 {Ni 22.0 22.4 +0.4
Co 7.7 7.7 0
6 0.39 {Ni 19.8 19.9 +0.1
Co 8.8 8.9 +0.1
7 0.29 {Ni 30.8 30.8 0
Co 7.7 7.9 +0.2
8 0.19 {Ni 39.6 39.4 Zo0.2
Table 3 Analytical conditions
Wavelength  Sensitivity
Reagent Metal . (nm) (g cm-2) Solvent
Co 288 0.0012
Zn-mnt {Ni 312 0.0021 water
qdtz- 4 {1(\]]? g;(z) 888%; aqueous cethanol
dez- 10 Co 510 0.0017 dimethylformamide
a Ni 656 0.0034  and ethanol (1: 1)
qdez- 12) Co 540 0.0011 10N H,SO,

qdt2- : 2,3-Quinoxalinedithiol

XD HENREINT VWS90, mnt2- L qdt2- L
e UC Table 3 {78k L7z, mnt?- TlIEE Al
INBUSEAE E R LT LS, KBHEDTEEA 4 L ARE
WTEDREE LD, T qd2- T LCEFE
V. Bz mnt?- FCRVE, R EEEFRVWCEST,
POBPNBTHERTED R EOFEND SH. FIIRIC X
LWEEBDA X L OREEIThLWEEOEIREIZ S
Wk, IBERIBETHS. X, axuv D) =y
o (Il) oREFERICEKITS Co/Ni OIRFE VILITD
WTHIZIERIBETHS. ¥k mott- 2HWSEES,
SRIEEEEE & LT EINROPNE D WA b D& BT %
o qdt?t XD EFFRF|TH A5,

4¢3 RSO

3NV h-mnt $EROME € VIEEIC X o TN
Fig. 3pghfp l it 4 X 5z, Co:mnt2-=1:3 O
BB bhiz. ok, HERO= v mVEERITWVTHRD
M(II) : mnt?-=1: 2 §E{RE A KT 5.

44 FEHRE NN POZ BRSO ILERR
arov MREZ 7.5X10-M (—@2) & LT, BEgSs-
mnt $ERIRE 22 b3 C, ME a0 b LB

HE, WMoY, 4K, S HEBAD-JArs T b=rF =t Y AKICX 230 DER 537
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[L2-7¢/[Co?*Jp or [ZnL2?-Jp/[Co2+*Jr
Fig. 3 Molar ratio plots for Co-mnt system (Curve
1) and Co-ZnL,>~ system (Curve 2)

Curve 1 : [Co2+Jp=1.5X10-5M at 288 nm; Curve 2:
[Co2*]r=7.5X10-5M at 365nm at pH 5.1 (hexamine-
HCI buffer)

s s 1:1.5 oz
PV B~ S R D

ewskor. ToBRR (1)
3G oh (Fig. 3 ghiR 2),
ZMMDEP D SN

2Co02* +3ZnL,2- —2ne < 2CoL,(% -9 |- 3Zn2+
e (1)

FERAI2AOEBR ECILESTEY, A4S
Bix»n p REWZ ERRT.

4e5 /50 FEGDORBORE

Gray 5813149 T X McCleverty £5,1916) iz 1 4 L 2,3
OV biE mnt2- LG L, Coly?2-, CoL,—-, CoL,3-, Co-
Ly2-, Co,L2~ 7 & Dff~x DMK L FifEE D DR a 4
TS SR BDEERD X I X 5 iE S i
B, BFEER EBL, Sl E2ToTwh. &
ERIEOIKERP CERT %5 a2 5w MEEZFRET 57
DT, TOMEEINV MEMROEART > =9 LI
A A EEMBERGC XV IRET 5 & &2l AT
405¢1 i SHAD IR I B 7 TNV MEERIZT b
F-n-~NFUNVFTUEZD AL F L (that REF) &4 F
UEBERERKRL, ook aiciiliIng. ErE-
Eefg - bV U AiEE R (PH 5.0) T pH ZFHHi L
2NV MEARERE 10ml » that O v o kob AT
10 ml % 10 5[4k 0 B, #0058t 2 v o ko A%
O EREE 2 BE Uz. SR ORI KL, 298nm
WZH D (e28nm=5.0x1011/mol cm), JKIFUKH DK
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Fig. 4 Continuous variation plots for Co-mnt-

that complex extracted with chloroform

(Vwater= VCIICI3= 10 ml); Curve 1: [Co2*]+[tha*]
—1.2x10-1M; Gurve 2 : [Co?*]+[tha*]=6.0x 10-5
M; pH:5.0 (acetate buffer)

ORI I L CE TREEN~O > 7 2R LH
7z.
40502 MHIE KD that jEfEA 9x10-5M —
EEL, a0 1D K mnt2- OLEEEZ—E (6
X10-8) Zffb, A,0v & mnt?- OHUEE ERZEL
WTHI L. FOFEREVILEDOES (Fig. 3) LR
&, Co:mnt2-=1:3 OB LEIESNI. Wiz anN
b mnt?- OIRELE 1:3 1D, thav &K
L EE T Lok R, Figs 4w T X Sicvy
NOLIBELZECEWTE Co:that=1:3 O
NELNE. EoT, vuekvaiciitIng =Tkt

ok, =850 bk mnt2- : that=1:3:3 L&
TH D, [Btha*, CoLy3-], t#E XNz, LDILEDE

BB asrov MEROFIEEX -3 TH D, KEWHEHRTIE
CoLy3~ PERARIARTH L Z EBHELDLN. T
5T, 440X (1) ozl Thh, 3/,50 MEEIT
R L BEE b BLARREEZ € Colgd- bbb &
DL EIR 5T,
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Spectrophotometric determination of cobalt
with zinc(II)-dimercaptomaleonitrile complex.
Sadanobu Inoue*, Takao YorTsuvanacr**, Mitsuo
Sasaki* and Kazuo Aomura** (*Department of In-
dustrial Chemistry, Kitami Institute of Technology,
165, Koen-cho, Kitami-shi, Hokkaido; **Laboratory
of Analytical Chemistry, Faculty of Engineering,
Hokkaido University, Nishi 8-chome, Kita 13-jo,
Kita-ku, Sapporo-shi, Hokkaido)

Dimercaptomaleonitrile (maleonitriledithiol, H, mnt
or H,L) reacts with cobalt to form a water soluble
stable complex, Col;3—, at pH 4.5 to 11.4, which has
an absorption maximum at 288 nm with a molar
absorptivity of 5.59x10% 1/mol cm. The charge of
the complex was estimated to be 3- by extracting the
complex into chloroform with tetra-n-hexylammonium
iodide (tha+I~) as an ion association complex, (3tha*,
CoL4?~). Although the free ligand is easily oxidized
in air, zinc(II) ion stabilizes it by forming, at pH
2.2 to 9.5, water soluble stable complex, ZnL,?-, which
reacts with cobalt to give CoL,s®~ complex quantita-
tively. The difference of the absorptivity between
CoL43~ and ZnL,?~ at 288 nm (Ae?%8nm =5.0 x 10% 1/mol
cm) is large enough to make possible the spectrophoto-
metric determination of cobalt. Under the condition
of the recommened procedure, the metal exchange
reaction proceeded quantitatively within 2 minutes
and absorbance was effectively constant for 45 minutes.
Beer’s law was confirmed in a range of 0~22 yg Co?*/
25 ml and the sensitivity for absorbance=0.001 was
1.2 x1073 ug Co?*/cm® Among 15 metal ions studied,
nickel, iron and copper seriously interfered with the
determination. However, nickel and cobalt can
be determined simultaneously based on the difference
in absorption spectra of their mnt complexes.

Our recommended procedure is as follows;
take the sample solution containing less than 22 g
of cobalt(Il) in a 25 ml volumetric flask. Add 5 ml
of 7.5 x10~* M ZnL,%" solution and 0.1 M hexamine-

. HCI buffer (pH 5.1) and dilute to the mark with water.

Measure the absorbance at 288 nm (in the presence
of nickel, also at 312 nm) against the reagent blank

NI | -El ectronic Library Service



The Japan Society for Analytical Chemistry

m o« Tk, FHE, Aff: 7V — AV ARTEERBEICLDINY VY2 OER 539

within 45 minutes.
(Received Jan. 16, 1976)

Keywords
Cobalt

Dimercaptomaleonitrile (maleonitoriledithiol)
Nickel(IT) cobalt(II) simultaneous determination
Spectrophotometric determination

Zinc(I1)-dimercaptomaleonitrile complex
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ZRERR, ¥, FRREOILVEVYBRRERCY vEIEOFHERTHASH S 25,
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%) W% 2.1% TH 5.

L%

NY Y ARR L O(LEWE, £D kS IEHITHE
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