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i B RAFEZEEL.ZE Slab HE T, HRT CO;, % NisGa, €4 OIOHE LKW RW#E T CO, %
Nis Ga (010 T - 89 % B 3% 5, . W2 B 4 750 0 08 F6F B8 » 3% %o 08 A AR BB BE AT T AR 44047 HH L5 R R 98, CO, EE NI b
BB MR Ni @ ERE, 1" —CO" £ CO, ML WM MR B TSR BR,CO, K 40,30, Iy 2m,
HIESEE NIFET dfd UEZRMHAEERR CO, BB RERMTEANEIERNE.

KB :Ni;Ga; £44;C0, B BT E4H: BEEHEIL

RE S HEE 06471 XHIRED:A

FEE LA RE KRR T AN ESHR D RhEy B s LYo RSP ENRESEN
CO, R B, B2MIEESIFE— RS WHRE RN, e HEAEmmEF H CO, RYSHAKZE
HiGEEETREE. Kb, 80 R AELE RS CO, BN ERMENERAEI YR BENF AR EL
I AR R TR X — R R, B R EFER CO, ARE LMYHESHEIT N ASRE
HMEEREFS,CO, 5 Ni XREMHRMIBL MRALGERERY,CO, R L KR HEA %08, CO.
AL B T Ni11D) B, AR M LT AR B RE R 13. 50 ~ 40.51 (kJ « mol ") ;CO, 7 Ni(100) |
LRSS, W HHRER 7. 72 ~ 13.50 (k] » mol™?) ;7 Ni(110) % H L CO, W REEM M. I T CO.
P, CORKEEM,O-—C-OMIABRESH, M CO. SREMEEASENE FEHNIEH S
HNRLIRS. Liu EFANAFRBBR TRUMNERD . 54T AN Ni RENBTEH, AT A £
BIPERR. B R W, NisGay &4 BB 1E 5 ML ST, & 7T LI CO, 2E85 4 7 B % B, (B2 CO, 7
ZAEERE LY BEAET I UARBREFEE, MR L XBRRS. ERVRIIAENE L, RITRAEE
T RERELHE, EA%EE CO, 5 Ni;Gay EEHMAMAEMEM, Hit CO, WRMILE, HXERRIFUOT.
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Ni fl Ga EARRBE T AT LB R —~RIVEH RSBRARREN AL, Kb Ni;Ga; BH RFH#EMLE
BHS  ZES N EXREH, B F (Coomm) %5 8] B, LKW NisGa, WRKSHHK:a=0.751 nm; b=
0.671 nm;c=0.375 nm ", R HEEZE I EMHABAN S B E N . a=0.756 nm;b=0.676 nm;c=
0. 376 nm. WATM AL WM T F B MR /NEBRREE, AR REREZE T Ni-Ga WHI AR, MREEF Ni
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NifyZ L, OLOHEEFHMER - H—-REFETFELWE NI EFHE, RITHRZHAE Ni@; 55— Ni:
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I 010 AT 5 J2 T, AT et R AT TIRE, RAE B b e P AY 2 2 I FOR$F A8l
G 3 R TR T A s R AR SERE L RATHE LT CO, 7EE Ni FIET Ni A [a] 4 2 i b iy i
BRF AR 7R O L7 J2 I E R T UL e B A4 8 R, CO, 812 B RCIAL.

2.1 CO, EREALMKHHE

KA CO, 4y TR ELRGEM LA C—O 8K A 0.116 nm"™ i /iH A B 0. 118 nm,
C A O 0]y 2 F AL 5 S5 M A 0 R , 8 L CO, 200 38 JL T B 45 4, S Ak g it CO, IR it CO,
AR 2 1 A A AR 3R AR T CO, 20 1 o 1 IR B AA BREAS [] CO, 36 AR B 45 5. R, AT i Sl 158
R T — Z8 5 AS [i) fty L 75 052 6 A4 0, 45 SR A P 1 TR, X SR R G ' —C7 (8 1 a) .9 O (& 1b) .9 —C,
O (& le, 8 1d, % B2 HAE TR CO, 4 T2 B E AR 9 — 0,0 (B 1e) Ml 4'C,0,0" (A
LO AT W B 7R 1 L] 25 4 2 80 S R I RE S 3 1.

(b) 6 (e)

K1 CO, 7 NiGa, (O10)Ifi FIW BRI 14T MR, iy s IS, 2y )l 3 s
H29r: MM, Zofa. kR KRG, SEONERINNR 0. C, Ni, Ga)

F1 CO, WM AHE JLITEH 5 B HEE

0% B g 70 7 —Ce g —O- F=Ci0** 7 —CO*® 7 —0.0" 3 —C.0,0"
Ec./(k] +mol™ ") —13.408 LTI —36. 655 —19.996 —2.845 —17.073
Exi/k] “mol ! —21.261  —10.611 —94. 531 —50. 159 —21. 261 -62. 699
de-o/nm 0. 122 0.118 0.128/0.124 0.121/0.129 0.119 0. 129
de-xi/nm 0. 207 - 0. 187 0. 191 - 0.210
do-ni/nm = 0.214 0.192 0.193 0. 231 0.195
Z0CO/” 149 180 132 134 171 126

Ca XFR T Teob XN T8 Tdade ot AR deo/ 0 de-o)
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M O—Ni #HEK, . 0CO K O—C—0 Je M (F Ni i ERMES, ERCREE S, ARARE, XHER
G HE Ni i ERWEEEILASH0. R 1 EERH, CO, £ Ni @ LK R FE Ni ®.E&FM AR
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H R, R BRMBAOYRETEL,.C-ORBKEAARBRENIK, RF MR ERENRE,
W Bt A% C—Ni 1 O— Ni 8. ¥ CO, 4 T UM EER AT 4 —C,0" (B 1o) R FREE, H C—
Ni,O— Ni 8 # 8 K & &, 4 %4 0.187 nm, 0. 192 nm, fEif C— O ERKESM CO, 4 F o HHE M T
0.010 nm 0. 006 nm, i L OCO B MW/ T 48° ; X T T B 55 55 f) ¥ 2 , 58 < T B B2 A< To 2R 0 B AL AR X
B/NBEM, S CO, By —O" BRI (A 1b) M TR Em, HEKMEHA S5 CO, 2T MR ILEL,
4 CO; K g —C" M " — 0,0 BRI Mt FREH, H C—OBKAFIHEAMT 0.04 nm M 0. 001 nm, A4
MEENT 31° A 9o K BARKELKRD, —EBRE ERBT CO, > FHIGEHAIRT, B REE R, K.
BATABBRK  —C,0" (B loWME X T CO, Wit FHAERAEREEX.
2.2 CO, s FRMMBFEN

YER B M BE K B R B R B 454 n* —C, 0" (B 1), % CO, SREMEMAEASR P B AR A B
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&2 CO,Ni Ga,(010)h REVIL AT B (2 O-NIBBHL: be C-NiMbiHr)

% CO, R 4 —C,O0" BRI M FREE, 5@ CHMEM O EREEAMAEIER. B 2 WEEE
BR,.CO, SREHERLRE LR AFHFTAURA,CO, WM ORFS CIRFRIER Ni HTHMHEIE
AEE LA 0.913X10° k] + mol ' (Ni:d,~ 0:2s,2p,;Nizd,~ C:2s,2p,) .70. 656 X10° kJ *+ mol™
(Ni:d,?~ 0:25,2p,;Ni:d,~ C:25,2p,) [ —0.447X10°,—0.313X10°] kJ « mol™'(Ni:d,~ O:2p,;Ni:
dy~ C:2p,).[—0.253X10°,—0.249X10°] kJ * mol ' (Ni;dy~ O:2p,; Ni:dy~ C:2p,) 1 0. 072X 10
k] « mol '(Ni.d,’~ O:2p,).

ERE{UIASEEE L, RAEAKSROMEIERANE CO, WMAHE, AFEBX A, RITHTE
TAFGET CO, 5REME/ERAMNKEL, HEERL, THHE X T XEM R F#HT TR TS8R
AT E 3 AFHARTAT LRI, FE 0. 913X 10° k] » mol™'#1 0. 656 X10° k] * mol ' fb, & 5HEMAEAMNFE
HESMENEFN d.5 CO, 1 40, UK Ni JEFH d,> 5 CO, B 30,3 MFE[ —0. 447 X 10°, —0. 313 X
10°] kJ + mol ' MI[—0. 253 X10°, —0. 249 X10° ] k] - mol 'REREE N, S 5HE/EA N EEHE S H 2
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Ni JEFH du'g CO, 1 1m, LUK Ni LT d,° 5 CO, 1 2m, s FESEIE B2 K RESR A —0. 072X 10° k] mol ™
1 3.858X10° kJ + mol "&b, AT AR B Ni JEF dy 5 CO,1m, LA K Ni JEFH d,° 5 CO2n, MEAEHAH R
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-0.913 -0. 656 —0. 477~0. 313 -0. 253';'~0. 249 -0. 072

3 CO, L5 ARIMAH H.AF F i8¢ B $(EX 10/ KJ * mol)

3 5 it
A% 30 R 5 JE U B 7 ¥ R CO, 7E Nis Ga (010) 5 Ni I FI % Ni T 1902 B 205 0 ol -4 K 0 AT 7
PRI B S 4 SRR -

(DFEAR[F B HH R, CO, 7E Nis Ga; (010) & Ni T i I B 82 3% Ni 1 b 0% B 38 A 5. 76 BT 1 B 5
% B 45 v " CL O TR B B B B s, (R R B 45 49 CO, 23 Bl f — A O JEF A1 — A C i I Fft 72
0 Ni FHFRNS b AR HHaES o C,O0" ML, WM ErE LA 7EW 822 5.
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Resolving the Divergence Times and Major Evolutionary Relationships of Protoctists

LI Kequn
(Department of Chemistry, Tongji University, Shanghai 200092, China)

Abstract; The divergence times and evolutionary relationships of some major protoctist clades were resolved by equation
for molecular absolute evolutionary rates and several protein molecules: EF-1a, EF-2, NADH1 and CytB. The results showed
that protoctists evolved from the route as: algae—fungi—protozoan. Their respective evolutionary routes are; (1) After the se-
peration of red algae at 1. 331 Ga ago, the green algae separated from it around 1. 1744 Ga ago, Mosses seperated at 0. 4527 Ga
ago, ferns seperated at 0. 437 Ga ago. The divergence times of club-mosses, liverworts, Chlamydomonadales and Chlorellales
are 0. 4185, 0. 4457, 0.5202 and 0. 5239 Ga ago, respectively; (2) both Slime molds and oomycetes belonge to Fungi evolu-
tionary branch, which separated about 1. 0456 and 0. 9032 Ga ago; (3) In protozoan branch, Apicomplexa andlChoanoflagel-
lates separated about 1. 045 and 0. 8122 Ga ago, respectively. Our results agreed well with the references work based on fossil

records, and provided a new way to precisely resolve the evolutionary relationships of all protoctists.

Keywords: protoctist; divergence time; evolutionary relationship; algae; fungi; calculation
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Theoretical Studies of the Interaction Between CO, and Ni;Ga;(010) Surface

CHEN Lince, CAO Yilin

(School of chemistry and chemical engineering, Henan Normal University, Xinxiang 453007, China)

Abstract; Density functional theory (DFT) and slab model were used to study the interaction between CO, and Nis Ga;
(010) surface. The adsorption geometry and energies were calculated, the driving force for the adsorption of CQ, was dis-
cussed. The results show that the CO; prefers Ni-rich surface and the predominant adsorption configuration is 7' —C,0". Den-
sity of state and wave function analysis indicate that the mixing of 46,36, » 17,2, 0rbitals of CO, with d,, and d,? states of Ni

are responsible for the adsorption of CO, on Ni;Ga; (010) surface.

Keywords: Ni;Ga; Alloy;CO, adsorption;electronic structure;density functional theory



