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Investigation on the Local Structure, Optical Absorption
Spectra of Malachite and Azurite
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Abstract; Based on the crystal field theory,the semi-SCF d-orbit wave functions model of free Cu’* ions
and the point-charge model are adopted to establish the quantificational relationship between the local
structure and the optical absorption spectrum. The local structure and the optical absorption spectra of
malachite and azurite for two sites of Cu®* ions are explained uniformly. The theoretical calculations agree
with the experiment findings well, the unknown electron paramagnetic resonance ( EPR) spectrum is
calculated at the same time. This work provides a theoretical basis for investigations on the structure,
optical proportion, magnetic proportion, heat proportion and high-pressure proportion et al of malachite
and azurite.
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Cu(l) ® Cur(Il) Cu() ® Cu?(1D)
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AR~ OH ™ R B, T Cu?* ( 0) M4~ 02~ Fpy B 1 flLEA (a) MIEHRT (b) B AikEEH

A OH™ G E,; AT (1A 1b ﬁf)&ﬁﬁﬁﬁﬂ{i Fig-1 The crystal structure of Malachite (a) and Azurite (b)
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Tab.1 The comparison of the theoretical and experimental values of

the optical absorption spectra and paramagnetic g-factor for malachite and azurite

Optical absorption Calculated Observed! !
spectra and g-factor C®* (1) C?* (1) Sample 1 Sample 2 Sample 3
Malachite A, —4,, 5649
Ay—Ay 8406 8800 8800 9000
B4y, 12403 12300 12460 12300
By, —A;, 13644
Byy—Ay, 13273 13200 13300 13100
Bs,—4,, 13519
By, —Ay, 14654 14500 15000 14630
By, —A,, 15101 »
g, 2.2418 2.2619
& 2.0476 2.0525
g, 2.0506 2.0553
Azurite A;,—4,, 9560
By, —As, 13675 12500 12600 12600
Ay—Ay, 13418
B, —Ay, 14601 14900
By —4;, 15384
By, —A,, 15960 16300 15870 15800
By, —4y, 17264 17400
By 4y, 17950
& 2.2709 2.2854
& 2.0475 2.0527
g, 2.0496 2.0554

L BERBILL cm ! ¥4, (Notes:All energies are in units of cm ')
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IRpyEE, R, 0.0 Cu® 5 OH ™ Bk K, P R, =0.2029 nm, R, =0.1907 nm,R ), =0.2620 nm,
R, =0.2630 nm; 24 Cu** (M) GAZAHARR A9 OH ~ Bofit Cu®* (D) B} O°" FiRRAL & , LAY, R |, =0.2079 nm,
R, =0.1923 nm,R ;, =0.2632 nm,R ;, =0.2353 nm, 7EfLEAF O* el OH ™ ELikMA R4 31E il
HEHRBH g0 F qono TEEHT H (B 1b) 24 Cu’* (1)) HhiHt g, Fil ¢, TR O°7 BURMARBA, R, A
R R0 Cu*t 5 OF Rk . 2P R, =0.1930 nm,R |, =0. 1946 nm; X4 Cu®* (1) G4BT q, \q, Fl g5 TR
O~ FRAREABRET, R, R L, FI R ) 0 G 5 O° BRI, ¥ R, =0.1967 nm,R, =0. 1952 nm,
R, =0.2358 nm, ZEWHE O BLiRMA B EN B &GS BECR 9.5

L EABRAMTERGE VM EE-FUEBSTERR 10 x10 BreeRAERE D, [N A ¢ BFHR=B1
HAR™ T B4R Matlab iIES5RF, R FLE A MRS $ Cu " BT R &AL aT AR BOG R #E1TH
HHE, RYOLEEISH B RANGE A I E SR ERBIFF S, REHAEE 5% ., X FHLEAM
BEBE N=0.84, g, = -0.84 ¢, qpy = -0.80 ¢; X FHEHTBIAESE N=0.88,9,'= -0.76 ¢, HitHL
RI|TFEIL,

4 £ #

(1) A5 & BRI A HEER e KRR T RLOHE € BRREXR, 5 —BYRE SRS
BEAR, XHEMRILER KRR AR BOEER LSRN BT NV BB 9090 =
MUEGSE, TIEMR RS T R BRBOE SRR BT | A3 B F N AR A B g, AT
BT ZSBUANERNE, B8 THIDGEMER R BRSNS,

Q) FEALEAMERT S EFEHTES B RS, ENMREOEE FERH Cu* B FRRFEREREN,
X FELEARERT P Cu** AR GO ASCHE T EMNM& B ¢ BT, XXLEAHNERD 05
¥ S R R EAX R R A EENEIRMENE R

G EALEAMERT P, 1T Cu®* BF GHLAR, EEARR &R Co® BFHRBOLIEREESE, A
T FLAE A 7E 12300 cm ™' 4b i RBOLIEBRIR , WHID 7E 12600 cm ™' R RIOEIHEERR . TFLEA M BRE I
5649 om ™' FIE D BRI 9560 cm ' FELH PARBINEE D, W RER B TIEW MBI RS P RBW H . A
1 WERT USSR, BT R ROCET L SL R MNME L , X 7T 882 i TL B AUSS M o6 R &, (8 HE
TEIUR 5 BT BT
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B 5 % 6 AT, 7EJRRE 2 AP TE 5 MK 6 AbF KB A BAREA, TIN 38, HFE T ALHRY 0, , &
R THARR Po,, AE AR ( AV =65% ) TSI, &3 TMH A BEANER.

&6 No.2 RFHERSREREN EDAX SH&R

Tab.6 EDAX analysis of original zone in specimen No. 2 after slag corrosion /%
Spectrum c N 0 Mg Si Ca Ti Total
5 74.24 0.28 17.62 7.01 0.16 0.15 0.54 100. 00
6 34.48 8.85 27.38 12.13 0.74 0.79 15.63 100. 00

4 % ®

(1) B2 15 BE B A% B9 SN2 P A LR I LR
CaTiO, , 3N TR EE , R T BBIE
(2)BERMEERE N RKEPAERT CaTio,

2MgO - TiO, \TiC.Ti(C,N) %, ¥ N BB S YIH,
R TiN R RS TIR R EEREA BS5 No.2 ﬁﬁfﬁﬁfﬂ%ﬁ?% SEM ST

(3) (250 5 BEBR L IO JECRE 2 vh 384> TiN &4k, Fig.5 SEM photograph of decarbonised zone

08 T 5 B EAL. in specimen No.2 after slag corrosion
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