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Zincon is widely used as a colorimetric reagent for determining the concentrations of heavy metals in aque-
ous solutions. Copper and zinc are often found in the same aqueous sample and zincon can be used to deter-
mine the concentration of both ions at different reaction pH conditions (e.g., pH 5 and 9). Reportedly, zincon
forms a precipitate under acidic conditions, which may decrease the precision and accuracy of metal ion deter-
mination. In this communication, a novel sequential analysis technique for the determination of copper and zinc
is reported. The precipitation problem was eliminated at a pH of 9, and the concentration of zinc ions was suc-
cessfully determined by treating a copper-zinc binary mixture with zincon, and masking and demasking
reagents. The concentration of copper ions was determined by treating the same copper—zinc solution with only
zincon. The accuracy of the concentrations of copper and zinc ions determined using the proposed sequential
analysis technique was + 13%.

Key words: Copper, Zinc, Absorption photometry, Sequential determination, Excel Solver

LM B 10pg L A= EAsk Askolle 100 pg L ol
2 A FEot ofd E-Cr Smg L' o] F
Telot ofde B Aee] thilbgel & ded d  EE EXE As ks s, Ee e
T YYL(essential element)® AFo] AREHE AAaE A% Hofshk= o= %1_'34}4 ALE3D o]g} 7ro)
oltt. sHAt AF HF Al F4 = (toxic material)Z  TE|9} o} B, Askr, s, FE, 2 # 4
TES} E5S Ao F ok yele A e 20 F e ARl SAldl EAjske A9 BenE A
O]E“] qdx 7zE Cuo]_’ o Ak WiE 30doly 2 HE FRHIE SAske 7 sEsS Al BF
Z1ZE ZnolW, 7 94 BF F8 st Aee ke 34 A9 sl Zasit
+2°]‘ﬂr. T Az Fo 55mg kg'lo] EAle 34 &332 5 (absorption photometry)S H& HH %
A& F EY Folls 2-100mg kg'!, AAFellE 02 AIER 213 F4o] shssiEg 7 ‘;~l #+71 3t
~30pg Lt A% EAE AF Folls 10mgkg! o] 3HE] HF AR 2o de] ol &= Slrh S8
k2 EAfstolol dt. ofde] gl Ad Telle S cldst] 2 W TEES AF¥shaA & A9
T0mg k', EF Zol= 10-300mg ke, SHGolE = AeolE Alokle] 3L Fa) AL mE F

T =

"To whom correspondence should be addressed.
Tel: 82-53-850-3783, E-mail: einyong@cu.ac.kr



234 2

=

ZelolE 222 wA FAslelof Ik, YYE HE3}
wajo] Hi shge] W Aol FYEE 2siel
A Boolee] ¥ AFT & Uk FYPEe 9
AFRES QAGFEOelt oAzt 5
of ¥la) Tt BeE 717174, Aulgt BEG 7))
Aol goly Foz olal 9 olgww ekt

57 ) FEoleF ojelo) el 21T (IhZHA 2w
SOl =5 A (hydroxy)-5" SEFECIL-WAL, EEH) A
kg o|g FUBENT HE P u
sjol A olee wx A & Uk AEH Tl
3 ol olee] whg A% A

Ak FA dHolE sHEEA F24 F9Y (590 nm
1 o

gul

o ]

FoIth &, Wkg pH 288 &3l 54 w57 v
AL ol T F4 o]0 2HE] 7S 29
S =Y Atk 729 A4 v pHE 9%
75 ek ofd B oMY s FAdske
W pHE 52 24 A 7oe AT W
oAl FAISEAIRE ofde Ao whgAdo] vl

AL

olIt}. =, pHE 52 Zdspd FEj9t oo
oA FE|vke] MEA o] 7HsslzItt. pH 9
RS2 e e ofde] e 7 9
ofde] Ao 7FsslIc. > SpAE, pH 59]
& ZslIA AEE T2 8] FEAERE (fully
protonated) FENZ EASIHA o] & & glow,
o|Z QI3 WA= B FoF 8 SE= 9%
o] Hewel HUwrt A "old F gl &
AEALED o] 5 s F3sl7] HAske] pH 5 Z7AslA
9] SAEE =Y F Ae Aoy AlolZEE
A= FRI7IE SRR 21Fe] o] fxF e
2 ISR eFs pH Wk A )9t ofids
2k AEFE 7 de e w88 AeE
AL Aotk W] Hxo] WA &= W
oA )¢} of
A Y F Je PHE §F 2HEHS A
ofe] 3 (5 70 geldpelre] F3= 3=
go]23} o}ddol2e] FE A9
Eojof A& F k9ol ¢

W W9 e 4x §5 2HEY
=] olgo] dash, o

7
gog $4 gA Aol Hgalole v

1o o Ho ox (B 1 X o
i) o
e SN

9

i |o
il

N
o
>4

BN

2
o xo 1o glo 4y o mo A 4y A

ro
s
jan)
kS
>,
-
o
o
o
Ko
re
1o
ot
o n

% 3 "y

rir

Mo & 2
24 o
m e jz & rlo

i e

&
1=
=

At &S T Ut

2 THoX s 21F9 o] sk e e &
7121 pH 9ol|x 2]} ofde] EqtEolx] e} oA
< S AF T 7 e 7S st S, T
ofd EF &4S pH 97 2™ ), st A
(masking reagent, CN)2} 7}2]817]7]14] (demasking
reagent, cyclohexanone)e XE|tIZ *2]dted 620 nm
o] B4 oA FHEE S5l ofdvks ¢4 A
et Lk FElofd 3 golA FHE A
7] Sl FElofd & AlE 89S pH 9 Rk
7102 2d 5 AN AMgat] AEE FHEY

FHEEE 620 nme] B 3ol =431tk pH 990l

A RS ALgE] ZYF Teloll EFES]
Y= A pelst ofdls] F FEE WYL Jo
o2 AEG 42 AHgslel TNl FEE 45T 4
Sl ek,

2. Aot 2 AE |

2.1. ME FH| Y Ajeke| FH|

T} ofd EFEHL FhE] 248 (CuSOy
5H,0, sk, g Astold(ZnCl,, Alfa Aesar,
m=hyS o] gsle] FE7F 1000 mg Lo] HEE Az
g & Hed wEE F7} sAste] e 78, of
A EFEY E ol B B8-S Alxshet
AR Elold B EEgdle e} ofle]
% xghE g9og ofdat ] Fx(ug Lyt 7t
Z} (0, 2000.8), (100.1, 100.0), (100.1, 500.2), (100.1,
2000.8), (500.5, 100.0), (500.5, 1000.4), (500.5, 2000.8),
(1001.0 500.2), (1001.0, 1000.4), (1001.0, 2000.8)%] &
FEAS Azt SAHEA S S8 TS ol
=5 AY sl=d AMEsEATh 2289 (Zincon mono-
sodium salt, Alfa Aesar, 7]=})2 0.02 M AU ES
(NaOH, Merck, P]=H)E &E 3to] 1.41x10%4M2]
FrUt HEE Axsle] AT pH 9 9goe
3129 B4 (H,BO,, Sigma-Aldrich, 7<)} 8.4 g2]
NaOHZ %57 (Milli-Q, Merck) 1000 mLE 5o 7|
Zaich Fel-ord gl 123 viE vHEAlA
o} ofde] F FHEE FAAY 9% Hachy
CHEIEAS 7RI 7IAE 2 E 7k & 218
WSAA S8 EE S ske W, olst -7k wA
RO R go BUTHS ARSI ofdnte] S HH
shedl AR skl TS AR AIRbsEEE



(KCN, Sigma-Aldrich, W=, 1.00g KCN/100mL H,0)
< 7HEISBIV7IAZ Ato]EE2 3 4k=(Cyclohexanone,
Sigma-Aldrich, P1=)S ARE3IATE! S22 259
FEE S8 S ERLS ALX/MA BEEE

Al (Genesys 180, Thermo)E ©]-8-3l] 313t} &
5 248 93 B T 20nmE o] L5
A Fe} Aleke] B3 Hlge HEH A W-SAIZ o
CI8 IZAFHOR gof TUFhele 589 2mL
of 4F8H 1mLE 7He & & 4o & ¥ mREe
Z A= 89 ImLE Ao F. AZTHEA 8
o] 7ol thy A& wWsith A8 (32 standard)
200mLel] $E8 (pH 9.0) 5.0mL, KCN 2.0mL, %
Z 3.0mLE AR 7k 5 A 71t o] &
HE 22 o] A o= 7EeH717IAI9] AL
ol F2H =S 1.0mLE Vst Z 4o & H %
=5 A old], AlolEFRH k=g TIelA]
Uz 898 AMEsl] %T=1000] =5 3513
Al|FREH =S A7 e 898 nlggdos
AREEE o= ARl el EAlshs B= 9 71E 7H
AE AAs Slsir ol

1o>~

A ﬂ&ﬁ% QA
A2 A, ok 4 18 ©
It Fig 12 ﬁi’-ﬂa]gxﬂ 1S
oFd BFgoA ojelnt Y LS aYoR
AWk ok, Z, sk okl A TR AR

Fo12 7elgAel ONE RS Telsh ohe] A
Qs 2HEo| Zhz AYELE. ol7le) T skl g1

AR APIFEIAAR=S F7I8I Zn(CN) & Alol2=
=t vl WHale] ofd o]o] fEluo] ek

Zn2+ N Zn(CN),*
Cu?* Cu(CN),2~

Zn-ZiNCon Zzincon in solution ~ 7py2+
complex Cu(CN)42'

Cyclohexanone

Fig. 1. Graphical explanation of zincon chemistry with
masking and demasking reagents. Only Zn(Il) ions
can react with zincon because Zn(CN),* reacts
immediately with a demasking reagent (i.e.
cyclohexanone), and Cu(CN),? takes longer (approxi-
mately a few minutes) to react with cyclohexanone
and generate Cu(Il) ions.
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Table 1. The absorbance data of the binary mixtures measured at pH = 9.
Binary mixtures’ composition, pg L’ Absorbance values (n=1)
Zinc Copper Measured” Predicted”*
0.0 2000.8 0.5047 0.4928
100.1 100.0 0.0545 0.0571
100.1 500.2 0.1618 0.1556
100.1 2000.8 0.5514 0.5252
500.5 100.0 0.1945 0.1868
500.5 1000.4 0.4367 0.4085
500.5 2000.8 0.6763 0.6549
1001.0 500.2 0.4882 0.4474
1001.0 1000.4 0.5819 0.5706
1001.0 2000.8 0.7515 0.8170
2001.9 0.0 0.6676 0.6485
2001.9 100.0 0.6928 0.6731
2001.9 500.2 0.7827 0.7717
2001.9 1000.4 0.8360 0.8949

* Absorbance values of copper and zinc binary mixture using the direct zincon method.
** Absorbance values of copper and zinc binary mixtures using eq. 1, where m¢, and m,, were optimized by Excel Solver.
(See text for details)
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Table 2. Optimized m., and m,, values (slopes or sensitivity) using Excel Solver and one- point calibration

Sensitivity (Slopes) Excel Solver One point calibration”
me, 0.0002463 0.0002523 (+2.4 %)
my, 0.0003239 0.0003335 (+3.0 %)

* One point calibration: m¢,, was calculated using a 2000.8 ppb copper standard solution containing no zinc, whereas m, was
calculated using 2001.9 ppb zinc standard solution containing no copper.

Table 3. Predicted concentrations and corresponding % errors of Cu(Il) and Zn(II) in copper-zinc binary mixtures by solving

an eq. 1 with m, and my, values in Table 2

Artificial copper-zinc binary
mixtures, pg L

. ¥
Absorbance of mixture

Predicted concentration™, pg L' (% error)

Zinc Copper Zincon- masking Zincon [Zn*'] [Cu” Tsotver [Cu* o
100.1 500.2 0.0383 0.1636 l(gig S(ig 5((1)75§;
500.5 500.2 0.1286 0.3053 5850)7 5(21;? 5(8113')9
500.5 800.3 0.1288 03716 5862;- ?833;) (7_643 67)
500.5 1000.4 0.1331 0.4063 (5]5]635; (9_187.'31) (?42‘..2)
500.5 1500.6 0.1347 0.5464 (516;536) 1?;57)8 1(2_95
800.8 500.2 0.1899 03934 %63)9 5((1)99;3 (4_666_ '74)
1001.0 250.1 02257 0.3911 (9_95 '49) (217()6"7§§ (2_372 05)

* Zincon-masking: Treated copper-zinc solution with making & demasking reagents consequently; Zincon: Treated copper-zinc

solution with zincon only such that both copper and zinc in the binary mixture reacted with zincon.

** [Zn*'] = Zinc concentration in a binary mixture predicted using Zincon-masking calibration (Fig. 3.); [Cu®*]g.per = COpper
concentration in a binary mixture predicted using eq. 1 with m, and m,,, values optimized using Excel Solver; [Cu®loxs =
Copper concentration in a binary mixture predicted using eq. 1 with m¢, and my, values calculated by one-point calibration.
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