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WoEOHEZRL, C & GIEFHETS. £z, R, ()
BEIREBIEL Y00, o) (EEREFHFIBIEL, nld 58 75
NI TR TR, m3KE T, rAdETFLETRE
D OEERE, 0L ldMPEIETR LI EOXEM LT
N TH 5.
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0) TOF (z=0x=0) ICBVIZD F 7 LETO 25 W58
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Figure 1. (a) The first few columns of the worksheet applied
to the calculation of amplitude of 2s atomic orbital in lithium
atom (¢;(2s)). (b) 3D-contour representation of ¢;(2s)
presented as an Excel graph. (c) 20 bonding orbital in LiH
when the bonding electrons are assumed to be shared equally
between the two atoms. (d) Real 20 orbital deduced from the
experimental dipole moment of LiH. (e) Ordinary contour
representation of electron density difference between the
molecular orbitals given in Figures 1¢ and 1d.

D1Li(28) = Ry(r) Yoo(Ouis ¢1i) D 3D TR O H il DI
Eirole. =+ )8 kx%. BT R—=7 %
aMAEEHTL 2 EHDLVDT, qzEXDHA
&F B EFHAR (au) THIE L7272, Bl TR g
=1& UL/ ZHECRVFUYLDRETHRSIZITHS
W, FEBCIIRLER OWERL D Tz DIC 2s PLE TIEF AL —
% — (Slater) OFHI [4] DIETH % 1.30 Z W\ % I3 HVEH
YVthsZIERLTENMRIEES W, Excel D
T—7—=b+D117HD B LA SHIC02au BXIC
z=-8~8au, AFI21THD A2 )L S FIC02auBE
ICx=—4~4dauZz AJILTz. Z LT B2 LT 2s WIGED
BAZANLTBR2IVETRT VI, ET5HICCD42
YIVET KT Z LI (Figure la). & 51, B2 ~CD42
VIV TEBERUIIRET T ST o P — RZEHIL,
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Figure 2. Schematic representation of composition of 2o
and 3o orbitals in LiH. The radius of the circle denotes the
magnitude of the atomic orbital coefficient in the molecular

orbital.

3D HFEMRKZHE L, B9 WK S ICHEE Lz (Figure
1b). xDfEIF AFNCFEATNTNE DT, FIv T
BT B2 UANDORILVTxDfEE LT AFILNZBIEL
BOKSICHEHET 7D, ADFHC S ZHF5T Lk
TR L THB LA RENH . zOfH 1 1THICE
ASNTNB T EICDWVWTHEMTH %, Figure 1bT
i, g OPEORIC —1 ZENTTE XV EWVWSTE
ﬁﬁ%%za%ﬂmbf,U%WA&#B%&R%@?
2s WUERIEDMEMIE L 720, FEETE#E 20053121
E@ﬁ%%ﬁﬁf@%@B%L&ﬂﬁﬁfﬁwhﬁb
Ao TRAT Az L T\25 [5]. [FERIC, -l
FDOIED TN HEETEEE R, = 3.01 au ([6] D 16.1) 72
FEENTEFTIC BWIKEE T O 1s WUl 2 /i L7z, K
TR T O BT ORI OBEE rld {((z — Ruy)” + 7} T
B2 LR EICHEER L THE A HENH 5.

KT, T LEFEFHEZHNT, DBERTOH 2
HEOWTREGHAMEGZEM L THEEFDLI L H
I SN A O LiH OFS S Y 20 & 5OkS
BEHE 300 3D F AR 2 fm L, BREOR L T
L. ERORNZHLT, ¢ =-2"%c=2"t
U CHim L7z, 208 LE DRSS HEIEICBWTY F U LD
2s Wi KR FF D 1s PUEMNFEFF S THWICHED -
TRATZ L1, Hr2oHuEOFNIC —1 Z#ITTE
KVEWVWHITEMENDZ T EZFIALT, CZADMH
ELTW3

%W@mﬁf@4i/ﬁ® B2 TC, 20MEI
IKFEF T D s WEMNEK D & 75> THD, 3ok )
F I LRFO 2 HEN TR LI > TWVD. TDId),
FERGHEREOGEITHANT, 200138 3 KEH 7
DFICIRD, 3o#LEIR Y F U LR TOHICH> TV
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(Figure 2). Z T T, 201 TIIKEFRFD 1s fLIEDIE
BOBENREREHAREORAELVERELKRD, 30
HRE T Y F 7 LETO 2s HUEORADOEI G A X <
2% (|C)| <|Cy)). LiH DM FE— A > buld eRyy(C
— G TERIN 3], RyDEE pdfE (5.882 D, [6] D
£ I15117) ZHWT C & GEAHET 2 &, ¢ =-0.341,
C,=0.940 [7] £75% T L7232 IR LTI < B
b5, EREIAKEGOEE LRI, ZRAOME

LTW5. CCCREROMEDZEELIZDLTVSD
T, C@&vkbfﬁ%hkc@:@@ﬁ%%@iiﬁ
BICZIFAND T X TERVD, VFULNEIKED
FNETFIRIVAALTWAS & C & CDOMRHEIC K
{ENTWVS [3].

Ric, THLkC e GOEZHAWT, VFULET
Bz i, IKER T2 F 9 LRTFED S Ry 72T
MNnTe Al FICEE, A A VOB ERZT I LIHOD
20JI3E D 3D FE AR 2 HE L, BREOK LR L
7z [FAIRRIC 3oWfLiE & i U7z, 3 offliE Tld ¢u(2s) &
du(ls) DIRED TS & HLIC 20l LI 3 B 5 T LI
ELARDINIESHEV (R &£ 2).

EHIC, ZEBEICE FOFEMERIIHERI D 5k L
BAHTEEMRELUT, A4 OwB eI GEs
EHEHEREGOEE D 208EDE ?@ffﬁ$@%m
MR ZHm U7z, KT, A D832 T2
LR ES S @%Q@*?&F@%@3D%ﬁﬁl
EHIRK O K 51 BB W7 a2z i Uz, Za84
WU 20HEICITE D 2 A > TWE DT, 2oHEIC
B 2 E T DIFEMHERD 2 150 208 IC K 5 B TEE
EiB T bR L TCHBIRLENDS. lofEhOE
T OFHERERAD A A U O BII N ERE LTz,

22 H, DDFEEICKT B3 mEEBDTh
RtmE

DR TOFEZICKD, B O THEETIE, SO
WUE R HE ORI S L O E 2 T e AT E
N, IEEIBR (HUERIEO) WFEINIH ([FRFS ) THWIC
MOE > TIRASNTVAHER, 2 DOKOHI DR
(FEETIE) IS B 2 BB DOMENREL &S, ET
DEAERERIPLEN BB DAEHE D —FRICHBIT 5 DT,

A‘lﬁﬁhﬁfﬁi?ﬁ% TIKOEFHEENEG < E>TWVb L
BEAD. CODIC, JFEFRIFELZENCHTTDT 545
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Figure 3. Schematic representation of 1o, orbital in H," [8].
The broken curve shows the orbital formed by a simple linear
combination of two 1s orbitals (¢,(1s) and ¢5(1s)). The solid

curve shows the real orbital including polarization functions

((1ay)).

BHPMELC TS, T LIDEiRT0OEZ I DV
W72 7 LB DO R sSIE,  F5 AR TR DA IR
IR TNEFTEL T L TH S (Figure 3). FFE, Figure
3DADETAICENT Is OB, DE D ERFRD
BIEUZ, BB SO 7 —u Vg FT IS T E R
(8].

ZFCTT, ADETAICEWT 1s BOWLER S B
DFFANS, BDE T AICEWT 1s HIOBEZE A D)7
MRS, 0T EE20ENH 5. ZHICIE Figure 4
D&, MEEEE UT 2p ROBGEEEE 1s T
RIS Z U K 8] EAMICIE,

da(1s+ 7 HuBEEL )
= G3{da(1s) + C404(2p)}
=G {Rl,o(rA)Yo,o(GAa op) + C4R2,1(rA)Y1,0(0Av v} (3)

dp(1s+ 73 FREE% )
= Cy{¢p(1s) — C40(2p)}
=G {Rl,o(”B)Yo,o(aBa ¥p) — C4R2,1(”B)Y1,0(913: ©¥p)} (4)

P(loy) = 2" {o\(Is+ I RRBIE) + pp(1s+ M HEBIEO} (5)

U(lo,) = 2" {pr(Is+ 7 HEBIEL) — dp(1s+ 7T MRBIE) }(6)

E95. MIOHATA LB, TNETNOKERT
ERLULTWS. Cld 1s OB 2p RO BIEE In 2
2ENE, Gl o) (st MBI & ¢y (1s+ M%) %=
BIIET 2 7DDEHTH 3. C & CRFEETS.
A B PEHLE O BIE v(10,) < RAS & PEHLE D BIEL v(10,)
ERRALT BT 2P VS EEDHIT 5N TV 5.
T TT, oa(Ist MBI ) & ¢p(1s+ 7 HRBI% ) D%
DREDRIEEHIN TS, o (Ist DHBIE) & dp(lst
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Figure 4. Schematic representation of composition of 1o,
orbital in H," [8]. The bond length in this Figure is larger
than that in Figure 3. The broken curves show 1s orbitals
(0a(18) and ¢g(1s)) and polarization functions (C,¢P,(2p) and
C,95(2p)). The solid curves show the real orbitals including
the polarization functions (Eqgs. (3) and (4)).

SRR ) T 2p BIBEBIORT DR S H R B DX, Figure
NH B XD 2p HIED T ZWICT 2720 TH 5.

9 Ulenfigid, nroMEzsE8 iRk s &9
BB EE A 2RI LTV 5.

Dickinson (&, H, ICHWT, C,=0.145, 2p Alj5ERE
BD 201 (Zy) & 1s TUHGERIE D 2D (2, TNhZE
TOEHTIE 1 EENWTER) DI (2,22, = 1.15
EWVSTERESTVS [89]. T CDMEE ¢r(1s) &
Ba(2p) DEUSERALZ FINT, ¢p(1s+ MBI ) 2Bk
£33 K5I C,DEiZERDB L, ;=099 L7535
S EICHER L T D ED D 5.

FPUEfGE UT, o b (2088,  xDMEd, y=0)
TOEFR (z=0,x=0) IBWKEFETOHE ¢, (1s+ 77
FREE ) ORI O X 51 b5 /7255 @i X 7z ffim U,
Figure 4D el & LG LTz, LRLD G, Gy, (20/2)/ 2,58
Z. =1 BRI [JERIC, ¢g(lst M) O EHh S H
7o AR 2 i U 7z

RIC, Ppa(Ist MBI ) & dp(ls+ MBI ) 2 v
T, Hy®D ¥(lo,) D 3D FmfXZ A L7z, i
z=—1Lx=0&z=1,x=01CHE, HHNTVEESEREE
(2 au) THiM U7z, [ABIC 0 MBIEZ A 750 1o &
PHUE (C=1,C,=0) ZHiE L, W&z Lz, £k,
SR I Z 1236 L N2 IR0 A OBLERE D 2D
3D SEEHR & B b R 7S5 SR 2 fiE Uz, [AERO
tig 7z 1o S EHEHLEIC DWW T B T 2.
Dickinson I&, H,'IC B W T, C,=0.145, Z,,=1.247,
2,2 = 1.434 (W15 (2,/2)/Z, = 1.15) £ B &, FERfEIC
MW IV F—EENZ T &R LT [89]. C
D Cy, Zyy Zyy2 DAEZZ VT Y(10,) O 3D % EHffX %z
i U7z, RO C,=0.145, Z,=1, (Z,)/2)/Z, =115
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SMINC B % B T DL O A U B FEEIX, 20D
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WL DZ RO THMKER DK E W 2s EFIIMIC
L FEDF ENTIRIIVF—DLENT ZH, K&k
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JEF CIIARLEMR O MRS 25, 2p HUED T3 )LF—HERL D
N 2s<2p) ZL ST HKDO—D LIRS [10]. &5 —
DOJEKAIE, 2s HEDIMUINDILEA D D 2p HEEX D &
RKEVDTLELRD T ETHS. [FRRORLEM DU
EHEEDILM D Dzdic, PO FIVF—IE 3s<3p<
3dde&%%. Xz, WU DTLRANNTTLTIE4s <3d &
x5,

FETE RO Ty b TITKREFETO 1s, 25, 2p
138 DB A7 B A H I U 72, AAFE AR OO & WE o
IEMND DI, MEOTZIIVF—d2s<2p 555 C
ERMER Uz, [ARRIC, —Ho 7y ST 7IC 3s, 3p,
3d LB OB ML, Bl T Ty IV T 3p, 4s,
3d HLEOHRE A HMEEZRE LT, ThZhoT oy
b CHREDE A &L Z g Uz,

3 KREBEDORE
SRR R O 2 USRS T 5 KB TUE o Y

Fa T Ly Fih-> TRAHEAZERRNICEIET 5 C
EMNTES. AFEH LA 2] DNAER, FEHHEX
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O L RTHIRREE (FRAEBHEE ) £ ToOR TR - fhE(b
RO L FEFRICBEOTHEBEL TV, FEAETIE
—DDORP O G217, EEAETIE REAE
TORBEEBE LIk, XOEERNRDOEEZIT
S RTHARRARE TIEERARICHTIR [1] DNADEE 217> T
Ww5.

HRITGR > T2HY T, Excel A VA=)V LTz /—
FPC ZH5> TV B AT B S8, TRaiHD
BICAEN T O Y 27 Z2—"T PC DEHIZRLIEH 5 Y
HOREDRAIDFLE (#1213 Figure 1a& 1b) 2> T
HETHHEFEHICAS. EEOFHE, /—FPC Z2Fi->
TWVBZEIZNZMH, Ko TORWAEIZ R AN
O 2 3B T EICB L T\ 5 PC Z T E 5.
MM WIgEE, FENRDOENTVREGIET +—F >
TT7YARZY NIMTY. BEIKE T, £ DZ#EED
FEFZ— O OBEIFFNITKD E D, BRPETKRD
S5IRVWEESES T DD S, FERD Excel 7 7 AV
WFIEERY A B EF I A — VIS L TEB N, &
RMTDhN, NENRTDRIGEIEA—)IVZE U TR
HzRdDons. HEFBOGRIEELS R ERZ AT
HWORE L K—FH Excel 7 7 AV EFHICHEEINTY
2.

B EEFRERT  C LIIECEMIE TRVZH
B LNT ERZVD, BICHEERZEIO TR & 8heE
THEEZT 272 TIEEL, BRUTWS Excel ZFIH
LCIFEHNT ) LIk THRMEEI N TV S.
FERR, ARFEHE LFiH [2] DZIEEANDT Vo — MERT
&, ZRFHGELFRUCRZEHS THIF TR SMETE 2
IR LURITHS.

4 RBREER

41 LiHDDFEPEICH T HAF 2 HED
HEDEE

Bl LT, UFILRETFD2sHIED 3D F&HHEKZ
Figure 1bIC/RS. 7z, BREHAMEZIEHK L TH
BETFMN L & HITHFICHEAEINTGEAD LiH O E
PEINE 20D 3D FEHRX % Figure 1cll, A D5
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Figure 5. (a) Ordinary contour representation of Eq. 3.
(b) 3D-contour representation of amplitude of real ¢(10,)
with C; = 0.990 and C, = 0.145 in H,". (¢) ¥(lo,) with C;
=1 and C, = 0 (Figure 2a of Ref. 2). (d) Ordinary contour
representation of amplitude difference between the molecular
orbitals given in Figures 5b and 5c.
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BREGOLGOBTEEOREZMKDO KL 51 Eh S R
HFERX 72 Figure lelc/Rd . Zadhiciy, 14 2HD
B X2\ 2 LiH O 20§iEDF SR (Figure 1d) £ 30
138 OO F = HR XK DY Figure 20 & —# 55 &, 20
HEICBOWOKER T ALETEFEENEMLTY F
% LEFRABE T LT TA A DB BN T
W5 & (Figure le) Z iR S &z,

42 H, DD FEEICTT B BEE DR
ROHHE

Ble LT, KEFTOHGE 1+ 77 MBIE ) 72 X
DX bbb RICEGHRN%Z Figure 5aldRd. X7z,
SRR INZ 72 Hy' O 1 o GG HERNE (1o, O 3D %
X % Figure 5bic, MBIz MA & 1 o fLEZ
Figure 5cl/Rg . & BIC, MBARZINA T2355 LA
VG E OWGERRE D 2E 7 h S BT % &K %7 Figure
SAITRY . ZEEAEICIE, KEEFOWEE o\(1s+ 77 hkd
B O EHRK (Figure 5a) 7%, Figure 4D /EHNICR U Tz
X1, ADEDHIANCHEMNFED, OFTATVSC
LR E YT, e, mMBIBZEIMA T HyY D 1 o
8 P(lo,) DFEEHK (Figure 5b) /Y Figure 30D AR DM
JBL—8UL, gz 7z H, D 1o Ml (Figure
5¢) 7)Y Figure 30D SR OMHE & —3 % T L 2R &
fe. EHIC, DMBEZEMA % L 2 O@**U)EPFEEI@DE
I TR OIS % T & (Figure 5d) ZHER S Bz,
lo SASEHERE T, o RBI RO O iz s LT
WEZMCILT THGZ X052 2 Re. C
DT EFHEEHEEZ I L CTHET 5 &0 DR
[2,11]. Figure Sb& SdIE MBI DRz EERICIE L
CERELTWB T EWnhhoiz.

43 BAICEITZRFHEDENEDHE
HOEE

IKZKJE D 1s, 2s, 2p BB OB 7547 B4 Z Figure 6a
IR, 2s LEDRKITEWAIIO E— 7 H 1s HLiE D
E—7 X0 ENHIDKISEWAIEICH D, 2p HEDO E—
JRIsHEOE—7 X0 ENEEICH B D
M5, TORICHDWT, 2sETFIE2pETFXD
DiEICEALT, 1sEFICKZERDNE L, G2
BRERMNKE WL, MKICELFIED 6N T %
WWF—MWLENT 2T 2 B ICHRR S Y. i
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Figure 6. (a) Radial distribution functions for 1s, 2s, and 2p
atomic orbitals in hydrogen atom. (b) 3p, 4s, and 3d orbitals.

Figure 6aC, 2s il 2p Wi K O &% 5z < Ml
RELIEM-T0S. TOXIIC, BRI AN
BIMINCE LN > TV B T e MR LElbs s, £
FIF T 2s BUEDO T3 IVF—H 2p WHED T )V F—
KO EEKL %%, 2D, VFTLRONY Y TLICE
W 2p WHE T 2s WUEMEENICHAE NS T &
2 EICHERR S B 7. AR DALE R D & #1E DA
MO DI, PHEOZ RIVF—id 3s<3p<3d £k 5.
IKZ T D 3p, 4s, 3d B3 O B2 50 A0 BEE O i 72
Figure 6bIC7RT . s, 2s, 2p Wil & [ARIC, FXFEMTOME
W EWOEDILN D DI, 3d HHE TR 4s HHED
BN EEENS T EARBENS. L, HAR
R OZh R MD THUD T, HEDNEF I FHDOE T
BICK->TELLELAEINS. 4sHUEDOEADFIRIZ
AV T LRIV T LTEREDD, ZNXOETFEHS
MRELZZ L LT IR TLEKD AL %S
T e EICHER T 2R EN D B.
COEXICHV T L (JRFHES19F) PV T L
(20 #F ) OHEE T O FHLE T 3d HUE X D £ 5kIC
4sHEICE TDA> TV, LA L, WICE T2
LCAF KRB EZIIEAN I L (JRFES 21
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F), FRY@2F), NFYUTL@R3F) TIE3duE X
D& 4s PLED 5 EITE DT TV [12]. Figure 6b
T 4s HEEONUNDIEBA O N 3dfEL D EKZF VT L
B 4sWUED T MWEFZRH LTV 2R L T
5.

Excel 2 H\ e LiH D7) FHLEIC KT 2 A F DR
2L H,' O THEIC T B WA O R {5
FYPZToT. EHIC, k2 OFEFICHEAICEET 55
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Practice in Graphing Molecular-Orbitals by Using
Microsoft Excel (2)

— Ionic Character, Polarization Function, and Penetration —
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By using Microsoft Excel in university courses, we present some practical studies on showing the effects of

ionic character in LiH and of polarization function in H," by drawing the three-dimensional contour plots of their

molecular-orbitals. Furthermore, drawing the graph of the radical distribution function on penetration has been

added to the practice reported in our previous paper [J. Comput. Chem. Jpn., 9, 177 (2010)]. The practices have a

large educational impact on understanding of molecular orbitals under various restraints such as time limitation.

Keywords: Molecular Orbital, Ionic Bond, Covalent Bond, Polarization Function, Three-Dimensional Contour

Representation, Radial Distribution Function, Penetration, Microsoft Excel
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