
!"#$%&" '()*+ ,

- . / /,

,

0123452678,79,'()""+,6827,2:;,"78,<;=,>43265=;?,'78246868@,!"#$%&",

!

A:637,B"CDCEFE-G,B765:637,AH"DFDI".G,J4K4L(K6,JEB0"/, ,

48M,F4?4:637,CDAH"NE/,

,

)E55;O2;M,A;O2;PQ;3,RG,.S-T+,

,

!

"#$%&'(%, , J:;,6PP7Q6=6U42678,79,!"#$%&",48M,@;==68@,79,67865,=6V(6M?,6827,2:;,O7=LP;365,O43265=;,W;3;,?(55;??9(==L,

O3;O43;MX, J:;, ;123452678, 79, '(, )""+, 6827, 2:;, 678, @;=, O43265=;, 6PO3;@842;M, W62:, !"#$%&", W4?, 68Y;?26@42;MX, J:;,

;123452678, 79, '()""+, QL, !"#$%&", 6PP7Q6=6U;M, 678, @;=, O43265=;, 755(33;M, 78, 2:;, :6@:, OH, ?6M;G, ?:7W68@, 2:;, OH,

M;O;8M;85;,?6P6=43,27,P653754O?(=42;M,!"#$%&"X,J:;,4P7(82,79,;123452;M,'()""+,6853;4?;M,W62:,2:;,5785;82342678,

79,;123452482,48M,2:;,686264=,'()""+,5785;82342678G,48M,?:7W;M,2:;,!48@P(63,2LO;,;123452678X,Z37P,2:;,484=L?6?,79,2:;,

P416P(P,4M?73O2678,4P7(82,79,'()""+,7Q2468;M,937P,!48@P(63,4M?73O2678,6?72:;3P,;V(42678,48M,2:;,;V(6=6Q36(P,

578?2482,48M,M6?236Q(2678,57;99656;82,79,'()""+,;123452678G,!"#$%&",3;452?,W62:,'()""+,42,.[-X,Z(32:;3P73;G,678,@;=,

O43265=;,O3;O43;M,68,2:6?,?2(ML,57(=M,Q;,(?;M,3;O;42;M=L,

)*+,-&.$,\,"78,@;=,O43265=;G,'()""+G,0123452678G,!"#$%&"],

-+G, .+

/

/+^$+

T+^-.+

,

- N;O432P;82, 79, ':;P654=, A56;85;, 48M, 08@68;;368@G, _426784=, "8?262(2;, 79, J;5:87=7@L,

)BDA0_+G,F6L4K787`7,'7==;@;, ,

. N;O432P;82,79,EOO=6;M,':;P6?23LG,a86Y;3?62L,79,F6L4U4K6, ,

/ N;O432P;82,79,':;P654=,08@68;;368@G,B4@7?:6P4,a86Y;3?62L,

,
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'()""+

-&) &R& +&

!"#$%&"

'()*+

,

,

,

,

'()""+ !"#$%&"

-& &/&

) + \'$P6P]\J9._]

J36P .G.

& )%& &.G%& +

,

-P7= -&

, -&

'$H-b'= , -P7=,

, , ///B %$,:

,

.%, :

\'$P6P]\'=] , ,

SXRP7= \'$P6P]\'=],

, -SSP=, !6J9._,

SXRRP7=, , -RP68

\'$P6P]\J9._],

\'$P6P]\J9._] ,

!"#$%&"

-S@ \'$P6P]\J9._] J36P R -XR

, SX-@ ///B

/SP68

!"#$%&" G, !"#$′

,

!"#$′ =
&'()84−( × 1000 ÷ ,-'()84−(&'()−84( + &./0" + &012

 [""13/4] (1),

SXRF&

'()""+

'()""+ SXRF&H'= SXRF&_4DH

OH !"#$%&"

SXR@ '()""+ .SP= /S/B

.%: J:;3P7,Z6?:;3,

A'"0_J"Z"'G,6'0/SSS,?;36;?

'()""+ '()""+ !" #"

0VX . 0VX / ,

5f =
60 − 6eq

&gel × ,-Cu

× 20

1000
 [mmol/g]                   (2)  

!f =
(60 − 6eq)

60

× 100 [%]                                    (3) 

.X% '()""+

/%/B .%: OHc-^%

.S,

P=, /S/B .%:

'()""+

, '()""+ !Q #Q 0VX %

0VX R ,

5b =
6eq

&gel × ,-Cu

× 20

1000
 [""13/4]                   (4) 

!b =
5b5f

× 100 [%]                                                 (5),

,

J36P !"#$%&"

!"#$%&"

!"#$%&"

Z6@X-

,
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,

Z6@X-,"PP7Q6=6U42678,5:43452;36?265?,79,!"#$%&"X,

,

"78, =6VdJ36P !"#$%&"

J36P !"#$%&"

!"#$%&" J36P

!"#$%&" J36P

!"#$%&"

!"#$%&"

J36P R,[,-XR

A0F Z6@X.

.RSeP ,

,

,

Z6@X.,A0F,O:727@34O:,79,678,@;=,O43265=;?X,

,

!"#$%&" -SW2f

'()""+ G,#9 OH

Z6@X/ ,

,

Z6@X,/ 099;52,79,OH,78,2:;,;123452678,79,'()*+X,

,

'()""+ OH OHcR

,

!"#$%&"

T+ , ,

'()""+

Z6@X% '()*+

'()""+ '()""+

,

,

Z6@X%,099;52,79, 2:;, 686264=,5785;82342678,79,'()""+,78, 2:;,

;123452678,79,'()""+X,

,

!"#$%&"

'()""+ 0VX g

!P41 $ 0VX b

Z6@X% !P41 $
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Z6@X%

,

,

5 =
5max76eq

(1 + 76eq)
                                                    (6)%

1

5 =
1

5max

+ ( 1

75max
) ( 1

6eq
)                              (7),

,

!"#$%&" '()""+

!P41 !"#$%&" #hP41

Z6@XR ,

!P41 #hP41 -d.

!"#$%&"

'()*+ !"#$%&" '()*+ .[-

,

/X/ !"#$%&"

'()*+

0VX $ '()*+

$;V & 0V?X T -S

0VX -S 0VX --

,

,

,

Z6@XR! J:;, 3;=42678?:6O, Q;2W;;8, 2:;, P7=43, 5782;82, 79,

!"#$%&", 68, 2:;, 678, @;=, O43265=;, 48M, 2:;,P416P(P,

V(48262L,79,;123452;M,'()""+X,

,

Cuaq
2+ + 2(HR) ⇌ CuR2 + 2H+ ∶ HR; LIX84 − I  (8),

7eq =
[CuR2][H+]2

[Cu2+]aq
[HR]2

                                            (9) 

> =
[CuR2]

[Cu2+]aq

                                                       (10),

log> = 2 log ([HR]

[H+]) + log7eq                           (11),

,

Z6@(3;, R =7@&

=7@)\HI]d\Hi]+ Z6@Xg ,

,

Z6@Xg,I;=42678?:6O,Q;2W;;8,=7@,&,48M,=7@,\HI]d\Hi]X,

,

.

, !"#$%&" '()*+

0VX $

,

!"#$%&"

'()""+ OH Z6@Xb

OHc- -SSf OH

OHc% Sf 0VX $

OH Hi

OH

,

,

!"#$%&" '()""+

Z6@X$

'()""+

!"#$%&"

'()""+

,
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,

Z6@Xb 099;52,79,OH,78,2:;,Q45K&;123452678,79,'()*+ ,

,

Z6@X$,I;O;262678,;1O;36P;82X,

,

'()""+ !"#$%&"

'()""+

,

- , !"#$%&"

!"#$%&" OH

. OH '()""+ OHcR

'()""+

/+, !"#$%&"

'()""+ ,

%+, !"#$%&"

'()""+ !"#$%&" '()""+ .[-

,

R+,'()""+ OH ,

g+,!"#$%&"

'()""+

,

,

'S, c,686264=,5785;82342678,79,'()""+, , , \P@dMP/],

';V, c,5785;82342678,79,'()""+,492;3,;123452678,

, , , , \P@dMP/],

&, c,M6?236Q(2678,57;99656;82, \MP/dK@],

#Q, c,Q45K,;123452678,342;,79,'()""+, , , , , \f],

#9, c,973W43M,;123452678,342;,79,'()""+, , , , , \f],

#(P41, c,4P7(82,79,54O?(=42;M,!"#$%&", , , ,

\PP7=d@&@;=],

$, c,4M?73O2678,;V(6=6Q36(P,578?2482,68,0VX)g+, ,

\K@dMP/],

$;V, c,4M?73O2678,;V(6=6Q36(P,578?2482,68,0VX)$+, ,

\K@dMP/],

)*!"#$%&", c,P7=;5(=43,W;6@:2,79,!"#$%&", , \@dP7=],

)*'(, c,P7=;5(=43,W;6@:2,79,'()""+, , \@dP7=],

!Q, c,4P7(82,79,Q45K,;123452;M,'(,)""+, ,

, , , \PP7=d@],

!9% c,4P7(82,79,973W43M,;123452;M,'(,)""+, ,

\PP7=d@],

!P41% c,P416P(P,4P7(82,79,;123452;M,'()""+,

\PP7=d@],

+678% c,4P7(82,79,678,=6V(6M, ,, , , , , \@],

+@;=% c,4P7(82,79,678,@;=,O43265=;, ,, , , , , \@],

+!"#$%&"% c,4P7(82,79,!"#$%&", ,, , , , , \@],

+J36P% c,4P7(82,79,J36P, ,, , , , , \@],

!

-+! B4W487G,CXG,IX,F73624G,JX,F42?(6G,BX,B78M7,48M,ZX,

_4K4?:67, [j0123452678, 0V(6=6Q36(P, 79, >4==4M6(P, 68,

EV(;7(?,E56M,A7=(2678,W62:,N6).&02:L=:;1L=+,EP68;,

68,J7=(;8;Gj,,-%'./0-%#12-%,31-G!/0G,g--&g-R,)-TTS+,

.+! F;==4:G, EX, 48M, NX, F;845:7(3, [, jJ:;, A7=Y;82,

0123452678, 79, k685, 48M, '4MP6(P, 937P, >:7?O:7365,

E56M,A7=(2678,QL,N6&.&;2:L=:;1L=,>:7?O:7365,E56M,68,

B;37?;8;,N6=(;82Gj,'./0-%#12-%4567/88-G!12G,g$%&gTS,

).SSg+,

/+! l48@G,CXG,CX,AX,J:67G,48M,ZX,FX,N7L=;,[,jZ73P42678,79,

A;P6&O;3P;4Q=;, >7=L4P6M;, AK68, !4L;3?, 78, 2:;,

A(3945;,79,A(OO732;M,!6V(6M,F;PQ348;?Gj,,-%)/095-%

:7;-G!314G,-ST&--g,)-TT$+,

%+! B4Q4LG,_XG,FX,E3M4G,EX,J375:6P5U(K,48M,FX,A23;42,[,j,

I;P7Y4=,79,5:37P42;,QL,?7=Y;82,6PO3;@842;M,3;?68?,

)A"I?+, ?24Q6=6U;M, QL, 574268@, 48M, 5:;P654=,

537??=68K68@X, ""X, '7=(P8&P7M;, ?73O2678d;=(2678,

?2(M6;?Gj,</=7>-%?@17>-%46AB0-G!25G,-R&..,).SS%+,

R+! F7=68436G, IXG, JX, >7;367, 48M, >X,E3@(367, [, jA;=;526Y;,
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I;P7Y4=,79,'(.i,m;3?(?,_6.iGk8.i,48M,F8.i,QL,a?68@,

4,_;W,'4336;3,68,4,A(OO732;M,!(V(6M,F;PQ348;Gj,,-%

)/095-%:7;-G!/67G,%bS&%bb,).SSg+,

g+! !;;G, "X, HXG, CX, B(48, 48M, nX, ':;38, [jZ34527364=,

01O;36P;824=,N;?6@8, 973,I;57Y;368@,H;4YL,F;24=?,

937P,A=(M@;,W62:, "78&;123452678,I;?68Gj,,-%C=D=5E-%

)=>/5-G!306G,R%T&RRT,).SSg+,

b+! A4627:G,JXG,ZX,_4K48;,48M,FX,H6346M;,[,j>3;O4342678,79,

J36752L=4P68;&6PO3;@842;M, >7=L?2L3;8;, M6Y68L=&

Q;8U;8;,>737(?,I;?68?,973,2:;,'7==;52678,79,>3;567(?,

F;24=?,937P,l42;3Gj,</=7>-%?@17>-%46AB0-G!84G,.%b&

.R.,).SSb+, ,

$+! <4=o8G,pXG,N,'4?24q;M4,48M,"X,D326U,[,j"82;@342678,79,

678,;15:48@;,48M 878&M6?O;3?6Y;,?7=Y;82,;123452678,

O375;??;?, 973, 2:;, ?;O4342678, 48M, 5785;82342678, 79,

'3)m"+,937P,@37(8M,W42;3?jG,,-%C=D=5E-%)=>/5-F%32/G,

bTR&$S%%).SS$+%

T+! k4@:Q486G,EXG,IX,J4L;QG,FX,N:4:Q6G,FX,H6M4=@7G,ZX,

m7548?78G, "Xp7884P7(3G, >X, A;24, 48M, 'X,

Z782r?,[,jA;=;526Y;,J:6454=61,\%],E3;8;,p;4368@,J:3;;,

EP6M;, <37(O?, 4?, "787O:73;, 79, p6843L, >M)""+, 48M,

E()"""+,0123452678,QL,4,A(OO732;M,!6V(6M,F;PQ348;,

AL?2;PGj,:/3-%4@5;"-%G/7.16A-G!24G,/b%&/bT,).SS$+,

-S+! "8M4,_X,"XG,FX,Z(K(P43(G,JX,A484G,AX,B6L7L4P4G,JX,

J4K;6G, FX, C7?:6M4G, EX, _4K4`6P4G, BX,

A:67P736,[j':43452;36?265?,48M,F;5:486?P,79,'()""+,

0123452678, W62:, >7=LP;365, >43265=;?, W62:,

"82;35788;52;M, AO:;3654=, >73;?, "PO3;@842;M, W62:,

!"#$%&"Gj,,-%'./0-%#12-F%,=3=1G,27G,-S.&--S,).S-b+,

--+! "8M4,_X,"XG,FX,Z(K(P43(G,JX,A484G,AX,B6L7L4P4G,JX,

J4K;6G,FX,C7?:6M4G,EX,_4K4`6P4G,BX, A:67P736, [jE,

B68;265,A2(ML,79,'7OO;3)""+,0123452678,(?68@,!"#$%&

", "PO3;@842;M, >7=LP;365, >43265=;?, W62:, N699;3;82,

A23(52(3;?Gj,:6AH/1>%#I>5-%</8-%&/H-F% ,31F,/2G,./&/g,

).S-$+,

-.+!B624Q4L4?:6G,JXG,JX,A484G,AX,B6L7L4P4G,JX,J4K;6G,FX,

C7?:6M4G, BX, A:67P736, [j0123452678, >37O;326;?, 79,

_65K;=)""+, W62:, "82;35788;52;M, AO:;3654=, >73;?,

"PO3;@84268@, W62:, !"#$%&"Gj, :6AH-% #I>5-% </8-% &/H-%

,31-F%/7G,-/b&-%b,).S-/+,

-/+!F42?(?:624G,EXG,JX,A484G,AX,B6L7L4P4G,FX,C7?:6M4G,

BX, A:67P736, [j>3;O4342678, 79, F653754O?(=;?,

'78246868@, >'&$$E, W62:, "82;35788;52;M, AO:;3654=,

>73;?, 48M, J:;63, 0123452678, >37O;326;?, 973, k8)""+Gj,

:6AH-%#I>5-%</8-%&/H-%,31-F%36G,-./&-/R,).S--+,

-%+!B(Q724G, ZXG, JX, A:6P7Q736G, CX, B7L484@6G, BX,

_4K4?:6P4G, BX, A:6P7`7G, FX, <727, [, s0123452678,

p;:4Y672,79,"8M6(P,W62:,JD>D,6827,"7865,!6V(6M?Gj,

:6AH-%#I>5-%</8-%&/H-%,31-F%38G,-R-&-RR,).SST+,

-R+!_4K4?:6P4,BXG,ZX,B(Q724G,JX,F43(L4P4G,FX,<727,[,

sZ;4?6Q6=62L,79,"7865,!6V(6M,4?,E=2;38426Y;,A;O4342678,

F;M64,973,"8M(?2364=,A7=Y;82,0123452678,AL?2;PGj,J1E-%

#12-%'./0-%</8XG,11G,%/g$&%/b.,).SSR+,

!
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