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i aJ’gb'gbdr :a'jgbgb*dr

a =a’
B) o R H.
—ARHEEMAER EEER 1% b H Hamilton (M F WKW H £5 .00
— T U S 2
H=T+V = zm(p;-kp}.-f—pz) + V

¥MEAREAAA Hamilton B 1% H

K a2 CANEE R, s
STtmla—:r' st F ot Vo= o ViV (1.2.9)

e

iy az + o] VB Laplace B R del 1),

|5+ 3

#’Jﬁhﬁ&%ﬁﬁgﬁi(l 2. NHRERRE
Hy = Ey
! bt L
|~ g O T v |¢ Ly (1.2.10

1. 2. 10 R BP Yy Schrodinger FE.ERREAZFREBERAANFEENAFML ARV TR ER
FhHERH—DBEFTE, AP ¢ NAEFA] X AR AL B B R B A B V&) T 2 % FR
A SE . A AAE B TR K A AEE . KRR S R

ZHf ) Schrodinger H R

A = ‘2—’; o (1.2.11)
& |— vt + v~ 2w (1.2.12)
W EMESR, X — ORI R, B RE AR M OREREE ¢ dood o BE—AEXE
— ) R HCA
(D H— EBENTERDSEHELAERN 1,
J’sb.-'sb,\dr =1 (1.2.13)
(2) Ex RiE
jsk-‘ gdr =0 G #F ) (1.2.14)
L2, IO RIEHITF .
] Ap =ag, Ap,=ay  (a #a;)

MEAT L E W 13
CAg) " = ai ¢ = a”

W jsﬁf Agdr = a;J.sb.-“ ¢, dr
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1.2 BFHEEEBE

] jd%y%m=w4w%m
B 2OXBWBEMNE L, LEALEL NS M
{a, — aJ)J(,’J“ gdr = 0

B a7 a8 ng;?ojdr: o
A B0 IE S HE R M1 T 10 REFS M . BT LR T80 &0 0 oy, [ P R g B T
1% B T 31 | g, 47 = 0
KAE I b I RIE A — B3 5 AR A 5,8, B0 2 Kronecker delra) %
YRS
jsfh-“ gdr = J-sb;' gdr = 4§,

(s = i i
a:{ i (1.2.15)
e Hi=j
1.2.4 HEmE®w - 0w L %

BEN L dode-od AR—HWNAERNABEBRE MHENKEHASHEN ¢ L2
xR EHFTEHRE.
¢ = + oy e F oy, = zisﬂh (1.2.16>

A e, HIEEFRR IR EHAS RE

g Fhpg R FalfE M s SLEFE RRTEELL p U % s BUER p PUEEH LI
A BB MR LEE Gpasplesp® SO RBRAETTHRTFAHRE. EMBSTETRAAL S
o A B F A,

BE crecu e, BWBEIRAD VB ¢ % ¢ BT o, KLHIRL & IR K R
¢ HHARE 8. TTE o ER IR R A X E .

1. FERNHERNFEHE

WS dradnr g, WHHEEED N areapr . BERLBTFRE 9 FA ¢ BEH—1E
BfLVOTHME AN HE

(a) =f A-,bdr——J. Z g ) Al zc,-g!;,- Jdr = Z)c,-}ﬂa; (1.2.17)
HRAERE oo, L@ MYEE A KRR EEH B AT ERNRF %8
FRESLRNERERE.
2. FFRESHWERNEHE
HREEH o FREYER ANEHANFES S RLTFRAREE, Ap#ag, K af 7
MBS HRILTPE

{a) v——jsb'ﬁsbdr (1.2.18)

) R BT AT RELN 4. ILEH%@W%“EI

|5“§=l§€’iﬁﬁfﬁﬁiﬂ%ﬂﬁ FRE—TH

415
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BIE BT HFHSWRA

#5012 mnxtwim%wniﬁﬂmﬁé(

41':5 rf"

- o Lo LT, 5

1.2.5 Pauli(iﬂﬁ)ﬁﬂ R *j T , s

RiIgV #HRE-EFRESsFPEL BZHEEAAW TR T XM IME TN EERE
WA AWM BB E T AR SR —HE.

R--RREFBTFAFPBEFEREZIA - WBREATERRYVEZHN A REINN R EH N
TR R -F RO 2P A Bn (58 (B AR AR D B RE A AT ) HEAT ACH: , — A8 RO R FR A % el 3.

F LM RAIER A T RREE 5 E R HAbE 5, B K Zeeman (£ 8 ) MM
(Zeeman WM B TE#E S P RE DB EL LA HWIR. 1896 FH Zeeman K I),Stern
(EIF O AN Gerlach (BLRIAR) AR (1921 SE R ML TH R B S8R THREE MRS
Bt A B TFETREMID UL BRSNS %, 1925 4£,G. Uhlenbeck (54 0 720 #
S Goudsmit (A FEFREHB T AEMBRE AMETFRENB TR ESSHAKEH,
AREANARADRAMNEEEE. AR Tl RENTEEER. B TRES %
Ry A0 L S B REARAE Go) , W — 1 RF n M FHERERR AT L2BE RN

¢ = Pl LY R T Ve R W) = PG g,
g BRI g ABRE 1 SR P 4 P BER ez )

R O A B R AT ) E R E R AR BT —E s
AP BV SR G MR T RABE TS SRR F X R, BRUFHERER
Wi ECRMIBRS AR RN T EARE. TUESREFARME RN R R siu
kP ZEAAATABE. A B I B FOARNER, ¢l g REBEZXTERNRS
Pl g VREHF 1 BT 2 THRAARSHRE  BX N EREH LT ELSREET ¢ 5FI1 q
) e HD

(g q:) = ¢ ge0q,)
SRR T AT S iy 225K, Al 48
${g,q:) = £ Plgaq) (1.2.1%)

ERBTEARENT SR ERG T Q8 @ 2 irsh, & M B AR~ HA»

TR THEE, SRR R

¢ = ¢y sqasog,)
ML 2 IO HE BB FOLRUE  WRERERES (WHREEHO RET IR S
Rz R4 FR R BRATD . 00 B MO LA F1E — 3 o (3] A 38 3 80 R 5 (B3 38 08 PR A0 38 A2 1 X #R
B MR A SR TP . Pauli B W FHE T RBF P TEARE TR %
O E R CE T MR a2z A1 2 B R 50 1 8 R X BRI R B

$lgiagestrg.) =— ¢(g:vq,7q,) (1.2.20)
i 1 fdEF 2 AEHRNSERIR (. =2,y =y, =2) B (0, =w,) 1§
g1 = 4y
BIHALAU 2.20 4.8
laag sgarag) = = PG g 1G5, 4 q,)

B R 2,48
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1.3 fFﬁ':Pﬁfﬂ“ﬂ CSLhr()dlrlger ]‘if‘&ﬂﬁ

PG g gz s g, = 0

RIS g E R — bR E L A QEERNE T O EEENBREREE LT
Pauli W SR 1X -5 R Al 3] 6 1P 3 RTRY R0

(1) Pauki AAEEEE —LA—IT2RTEHERY. AT BEMRHRT AESHER- -1
B M B FR—-FE TP WA TR TR AR StEE.

(2) Pauli HER R — AP EEFERT, D EMBRE TR ES I @,

HFAF N F RO e B FCHO B (BER TR - EEMHE T W B R R
AR BEFARE Pauli RHEFERAHA, ETHEETTULHRER-BTE SOLESE R
LREEETABEAFAL BEA -ITEMPAEAEEAREL TR0 FRAR.

WATHRR B F AR RS EABRU R R ERFFLNALRER D RRELTR
s b ERIERE. EEEI U —EREN T AR TR E A H, X R K s
WA R BB SR A R, FE A — SR, TR BT ERR IR R E R T

1.3  ZP ki 709 Schrodinger R H R

A T UL —HES R PR S el R T R SR T A ORI E U R R Y
ZEPRE LA XN R,
— AP RFRE—TREN » AR,

£ — 4k An) i s, uxﬁ‘JﬁnEl 1.3.1 Bim i 8 1 1 m
8B B9 PR ).
E AR o B R RS BT e = v e
Troo~{ 2T BOR B V=0 EMR
7 B 0 BT K !
v ]9 O <z ]
o, xS OM x 2= 131 —HBBEEPIRNFHABE

WA-SREI R CREE D 0B Wi NZES. BWAE 1 L XK AT HBRH
0.0 K O AR FRE .V =0.Schrodinger &N
b A

i A E¢ £1.3. 12
di¢p . 8mimE
& Tt =0
KR IR . AN
gb”'a:t:@%ls EL .r-l—rsm\l 1'rmF||?I (1.3.2)

!

ok R EENE AR RE .Y J—OET ¢ Ri A 0,8 ¢(0)=cicos(0) +e,sin(0) =0.
ﬁtﬁhﬁ =0, Y r={ &,

SE@JJ—O

i F e RHER OCE .t O, AT ¢ 4b4EH 0, Bl L TR

Pil) = czsm(
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F1E BT HFEMAR

. RmE: 3
sm\

TE =0
Efl (%]%f=nﬂ' n=1,2,3,- (1. 3.3)
n ARER O EA =0 RER T S EALN 0, REE . B 3. HATE

E:;n—f‘; (1.3.4)

P L 3 R HUE I E LA R ¢ B0 5 00 5 R SR PR MR T SR 7E O~ 2 (8] 4
SR e =0 Rl r—! XA LERK ¢ BAET R XD REHREEBETL.
W13 4K M e, =0 fLA(L 3. 2,8
$lz) = e,min(nnr/l)
R o BOBCE T BT — LR [ 1910 = Lok e F RIS ¢ = 0. BT | ¢]°de = 145 g
BCA RSB AR

J.‘-‘.inﬁrdr _ 1,1 “inoa
A LA E
Go(x) = (2/DTsin(nme /) L

FORATREE L 3. ORI 3. ORKINEHBE T AR - RAM PR TR ERER
B— 2R K IS B ) 2 R AT X L
(1) (1.3 4>, (1. 3. 5)PAS, B 48 iy — #3045 o B2 7 7T LA 7E 1Y BE 2% 1) B8 (8 3% A i

E, = ht/8ml, g, = (2/DTsin(xz/l) (1.3.6)
£, = ak*/8mi*, ¢ = (ZIJJJ'I?sin(Z?fI/f) (1.3.7)
E, = 0r*/8mi*, ¢, = (2/)Fsin(3mx/l) (1.3.8)

B 3.2 R —BRERATFTHTRERE. HiH o RIEEEE ¢ ¢

() BELANEEA NTFAERRNSLES HEETASRFU LHIELE. &
TABNRENT AL FHERSBEDE B THEE » W HEFEIRGHE.BM n/2
Al BT EEAE BEET SR R ASE L. ORI E. mE 1.3.2 Fr
AaTERF D RERBRBE AN . MAESR NEPEER EHELERN.

(3) AR FELY FRRNTHEEE/MANT. FEFTHEEN AV FEREMAR/N
IR TE.B/NRBERA/ 8l WET SR TARMFERTREELRNLRER. RER
MR ERBS . HERWER AT LEE.

() ¥ st R PR FRIE . MAREMNESRE 0. BERBRFHFEY,
b RON FTRBRFEREAYSIN2EMHS . WE 1.3.2 iR BHRER TR GHE—
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1.3 &P P18 Schrodinger HEXHEE

=73
f n=3 f
O B0
& ¢
n=1
1 n=121 1~
U E; 0
| e |
0 E 0
0 X ——t ! 0 X — !

(a) (b)

H1.32 —HEHEPHNTFHEEE. ERYE v BRBEE 'y

o HTERTREARNEHHE, HERAN FERAPEREREREE RN
AR L IR IR M U B T AR

(5) EHPHREFHFEREE o TLNEE, TRARE. BTN T. o=0 HERN
Y HEBEA »— 1L BEERAVA . YR TR - B 1 6, WA RE B 1. NG5
ﬁﬂfﬁ%%‘ HEN SERELRGHEEAERHE NG bR,

REMR ABTAELBRYRT KB EXE— E%‘ﬁﬁiﬁﬁ?ﬁ%ﬁ?ﬁﬁ#ﬂﬁﬁ

D RFALFEESMHEIRE, TN ¢ de. - FRR;

2 ERE T

D FHEELE,

U BAERIEHPE, REMES

D AETHR UAEEER.
Foa s R T AR AR B TR BEN TR » B A ETHRE BK. BT
WSS, Mo WA ERAHWER B YR RREAERER . Hash#se X WH
7248 F AR

i L TEARAMBETAFER COREEH . RTHEZDRERFRFTAETH 4388
HRTHSMRAR.

() MFERPHFEE

ARV ERRS 2= KA T Fcd  ERUL T RREE, AR AR BT S 2.

(x) = J‘:yﬁ," . dar = %J:xsinz(nnx/l)dx =[/2

IR RA N FO PV BRESENPR. EPHELERABH.
(2) BTHEBE - o p.

ANRILH o=~ o £ FIRIE puprep, £ g R o WAIERB e TR f M
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HIE BFIEREMER

iR B RBER A F A N2 8 | (p..

] ¢ 3
(P, ZJ ¢ popdr =— ?.,J sinCaxz /1) 12% dd_r sin(are /i) = 0
i il A

A R F T R A8 A R 1 8 B S A F O TR 18 K — A~ BB i K F R -
) U B B B Y
(3 BT HsHEFT pI 8

pmEr = L

2 - MRAASEEGE S

~ hg at v s nth?
2 - nitxr
PRUSSS 47: dr l,\ f sml ——l ] ITE o

TR 28 AT L R R T Y o2 B RO R R 7R/ AR AP R T RIS
V-0 HARERIS TE 8 a5

D T T nh"‘
E= 2"”"‘"_2mpf R

EEHLLODAXERE B

VT & PR IR R A HE R Al — R ROk PO, AR RUSERE 2 T 80 n o T4 20, 8
~AE R ARG B T A A R S MR RS R A RS

UB1.3.1] T M By _

TZEAT A MRET B IBRE TR sp* 22 B M 3 Mo BE WA 1D e BUlA LA
T T REEHHERE. @4 Pt EFERAFEIEH 8. ) 44 m BT« B o« &,
AR MRS A LSBT TEAE O r B FHEREBE F RN
Rl EFETTIER KRB 1. 3.3 R,

C=—=(—— C =

C=ze= Q=== Czz=xC
gty t 4
1 b
1.
1 by
1 ; i 3¢
(@) T (b) B

B1L33 TIHESThP"RBTHER
2 X 2R _ SR 2 X 2R 10
Buw == gmi® s Ean = S em(3DY T 9

MHE o3 (oY A R« BT MR R L E BB T O PR FHEEEE R, 5
LLR AN RY o sy T3 S R, BP0 - - 2 9040 B0 K B 08 40 7 B B IR 40, B s M 16 .
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1.3 HPRLF B Schrodinger 5B B M

B R R T RIBIEE . T R T BT R B B E B S R R E
[6] 1.3.2] 7R84 BLRY IR L i
#3 K RS- (CH=CH -).CH=NR, W EFRE (—HEBT) . R G FREENT %
BRER GRS B EE I TURES FEMELTE. N TEBTR. MEETR 2
A WF, B E N BEFOIG R TP H0EH 2 A n i T, 80 2r+4 A BT R
SRS REHLF B 2 A FRUE S GRS SR ROLE A R TR S B
(r+2) SUE 22 90 G+ 3D BRIE. - BT ATl #9 G 9 S 3 o 3

L_BE {43y - (2] A(2r+5)
h Bml? {mi*

BAR A=c/v. MER A
8mitc A 304°

TR =3 2+5
WEREH —CH—CR— BT K E N 248 pm, H4F G L 4hHEAH 565 pr (R I8 S0 36 25 K
A4 WEE A 1= (248r+565) pm. B EEA A £ R .8
3. 30(248r L 565)°
5 BB 000
B0 L B e K Me,N (- —CH—CH—), CH=N Me, B IF i W i 89 5 H0 3% [CT BIE S TR H T %
L3, 1. AP EET R W EEMLBENSBRT.

131 EWEE Me,N (—CH—CH-—), CH—N Me; ¥ 8 % it

U

A=

v )-max ( iiﬁ ﬁ) .-"Jnn'l A«mx(:";‘:%{ﬁ ) Ifnn]
h 1 311. 6 | 309, 0

9 412. 8 109. 0

3 | 514. 0 } 511, 0

M- Fa R AT R AR F AR MUERN - B WRE.

(H mﬁﬁ‘:f‘:ﬂ{}%@%#sgtﬁﬁﬂg?}ﬁﬁﬁﬁsiﬁﬁﬁﬁtﬂﬁﬁﬁﬁ Schrodinger 7 #.
(2) # Schrodinger R MIECH/ RMAEKS ¢ 1 E..

() L ¢ v | BAEE TR TN R

(4 BHEMN ¢ REDTHEREOSFHYHBARE, TRERBER.

C5) B FR 50 Bt () B, 0F P 45565 S m LA R A

BB ATR T RBIR . &E00% asbsc B = #EH8H , H Schrodinger 7T A

h? ! azl 2
3w 3 T 5y T 5 ]sb Eg (1,3.9
R =90, (309, () AR T8
b= ;ﬂi;} Esin[ “;x] sin( ”;3’\ sin(_ ”:“"’} (1.3.10)
At r.r ' .
gm( z+ ] (1.3.11)

T BT E nn,on, I ABET 1,2,3, -8,
MF a=b=c M=HHME, (13 1IDRER
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B1E @ THEHEMAE

E=-\f{‘--§(ni+ni+nf) {1.3.12)
s

B s ne REHGR & SR R 8 FORE L B B 3 A2, 2, 3713, 2, 2
B PRSP RO AT KR R AR M KRB RERFERR. XM &R &SR
B HERIR R BRI R AR R R . R M H AR R I

MR FAFTELERE PR FERE BE ARSI T LB BEN 0.p=0. ERHTF
ANESE FE X AR 2RO T2 S SRR 2 R TR A, F i EE R R R A A TR
Tl TERTRE &5 £ v O o Wk R RETRT B 20 T, TR ML P 00 SR04 e o 1T 8 S 0. A% e
B AR TEMEERSNA L 070, R AR AR TREEAIT. B THRFRE
A AR B R M N BB AR R T B A EE NN
-

R

L1 R AR LR A WK A=670. 8nm R Li M T iy 8L T AR (1070200 — (1) (25 )
WAL IR P A T B AT AR IR AR k] - ol R (R

1.2 SR & RN B0 A BRI T -

W Ainm 312.5 365, 0 104. 7 546, 1
Yol FRE K EhEE Ko ln 1) 3. 41 2. 36 1,05 0.75

T s B - 43R A A R MBI L PR Planck B8O L BB R 21T V) RS B1AR  Gu).

L3 REHENEAER G 4541107 s LB EEAXHHEMBAE  SHEE R 300 om #1585 EHE
Wiz Z5 B THRAEERE b

L4 H3 PR rHEAT ERRK,

) BRI kg SERIEBE A 0. 0lm s ‘B,

thy BrEE N o teV B 1

o) ZHAEN 800 eV B H d .

1.5 HENE rEdiEi S eaymE a7 inE e KR 200kV Ot Bl TG shef
1 1

L6 Ff-—Pidd il oo LB RN T AT THTHS.
T 2r 3 pd EF
mu =—jp == T = ? = ? = "é—,m'.y

BRI o= WG LIRS HETEA ALY R .

L7 FTHOMEFO 0L kg HE 1000m s ) DB UAR 107 ke 3 HE 10m « s ) EREEDIWHED
(R 10 kg #F Imes DR FHETGEE 1000m »s™ S  BEBEMRMEENYEEER 10,4
MM E RS iR TR XERETETRE L

L8 MuNBGEFZHMET BENMEEEN 1000V ATEHNEENIHERE Av R o 9 10%,
FIRT B o vE TR SR I B R KBy

1.9 HTAHREEXREHHNAEXNREEY 10 mOWERTR TR T 10 000V B E e 7).

L0 W PR NENER IR ERER.

r»%.%,log.sin, v Icﬂ:—”
CIU e R S st | A R R A G
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& X Xk

112 FRIEER B RER A SR R R A
e sinuw, Zeosa , 8 siner + cosa
113 ey msmmxﬁig‘agﬁxzmﬁﬁ? LR RHBEAERE

L4 e RERPENNR TS HAEERTR.
115 CH—S8ETH 75—k Eh

R =’\/%‘sin£;-g n=1.2,3,:

A EABAKE . BEFHARO<s<D. REFOER. NS H. 80T HE.

116 R BAMPRTE o B g PSR EHD 0.490~0. 51 FEEAHAMER, 58 1.3 20
MRS RER M.

117 @RS T CH,CHCHCHCHCHCHCH., 75K 77 16 460 nm 4b H 355 — 138 10 i 8 , 304% —
DR EALRE.

L18 -~ PETFRE a=o—c HZRBH S RRERRMNR S TRBE T A Gma) YR {1
BETRANEHE.
LY HEF -BTPPEIN BT E- - ERREUET LS.
H H 1|4 P|{
|

H.C C C C C
Sen N N N
N C C C

CH;

‘\_%/
: i | |
CH; H H H CH;
iR BEEORE =1 30m RIBEBLL E,=n'h/8ml (5B x B 7 BRI B RN B Y e L 3 o
H{H 510, Onm H 8.
1. 20 ELHUE Y B 3R e TR B4R 9
nthi
* 7 gnimR!
A n AR FER BRARKEE EHRESEANEURTTRES Thm n B 8 RR=140pm, 43k
Hl FMESKTRS A EH RIS L.

n=10,+1, %22, £3.-

_é_ wr

L2 EH =2 csin T/ Zan T RnE g e R TN TRRE B2, AR
HAREE? EH SUENS S0 BX RATHE.

8 X X W

(1. iﬁ}ﬂﬁﬂﬁﬁﬁ?i.E%im%ﬁﬂ:fﬁ.:IBE:jb;?;jc%tmﬁ?i;ﬁ%:@%*}tk#ﬂﬂﬁﬁ,zom
(20 ®AE ERZ. WHREWCGEZHD. L3 BB 8H R, 1087

(31 Losk. &M tH - WS HE LR, 1997

[4] B (Levine T NOH HE0 B2 3, E 3. 930 (8 = R0 20,4t 20 K2 1 BRAE L 1087

{5] Levine T N, Quantum Chemistry. 5th ed., New Jerscy: Prentice Hall, 2000

[6_ Fitts D D. Principles of Quantum Mechanics, as Applied te Chemistry and Chemical Physics. Cam-
bridge: Cambridge University Press, 1999

[7] Atkins P W. Quanta, A Handbook of Concepts. 2nd ed., Oxford . Oxford University Press, 1§91
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F2F EFHEMMER

BT RH—TMRFEAE T MM THRME R AT ESEFEHR R E R LK
F.ETHNFHEEFENEEMS . FUETERT MEN, e i-r waiEnr .

fbERARFETZRSEARGENR 2. AYEaNY B RBEEET . B R TR
e LrmmLByRNEA. Y FRANEREE SRR I E AT A R
PEBER FAEAARP TSR HEAT.

BFE L9 . Dalton GEREDR B IR FHF IR AN TENRBALARFERE T RTFEA
fEf i AR K A R B EFRBATNE S R —oEZNE T, HER . GEMN
PR AR AU IR I FLAT A H B ] AL B 3. Dalion $ i LI R B AT E AR
SO BRI EG T 8 BEVED AR L H R ETRMU R B A T TR A I LOE R R AR
£ FUSS o 0 R R T " (O A BRBTIE S b 78 5B B PR 10 JR 0 A [ P R B IRD B BB Bt BT
A ESEGEL TR GAN R TFIRAERELF AL RN MBI RF”
CHARBTELED B FRE —E51H. 1897 F.). ). Thomson(HHBWY R T &8 F, I+
FIE NSRS 09 K 1] L 1k °F M 3 A SR A A 3.

FNAEFHANSED. RFAEER R TFESHISIREME T HEEZEM
1885~ 1910 F 6 «Balmer (M H ) Rydberg CH A FIH A — 2 A £ FXTEIREFHAIEIF
RS E L el S L F2=E A

H

i= 2

= — = R| — e
Py A P ne ne

Ak on o, BEEE G, >m 3R A Rydberg B E S E LA Bohr (B /R B R )5, 4
BT LA 1509~1911 & & Rutherlord(F B E Y H o« W FHF B SHN L IFHHE
FA R ER A — B B B B (L2 107 e LT B LT 4 RO o LT |
WILHE . FRgiEdsh Y RTEHH T RS KM mER.

1913 9, Bohr 228 § Planck Y& T i .Einstein §9 ¥ F2£ % & Rutherford ¥ R F R,
BEE SRR,

M EERAYU— BT -RIAIEE.S-TESH AR L. ETERBES L
GEWEARE AR ER RARKEBR,. WA FRENRES. RPTHRITHESS -
R BN IR B FLE S A E M BT T A/ 2 BB LA B TLRM

M = nh/?n n=1,2,3,

2 SR —— YR FH T ESKID G - P EDF RSB BER R =
AE/M T A% AR AMAEEZEIBEEE.

& Bohr $8 89 SUR TS b 7 2 58 #h 2% 052 25, (3 FA) 32 3 Y 1 0 o K ol 7 M (6] 4
V¥ 51 A B R R AR

mot Syl dme
BOPTRRERE SN ER E. S TR TSN sfEmga B bRt
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B2E RTHEHMER

E T . e e’
7= — - =—
2 Ll-T(E_:]?‘ 87[5.31-"

A MR TS B FHHEZ RN

M=mvr=nh/2x

HIL P M FREE LR
r=n‘hle,/nme* =n’a,
a., ¥ % Bohr %, H{§ % 52. 92pm.
=10,

pe 662610 2] » 5) (8. 854 X0 T 2 mT) o) 0oy
7(9. 110X 10 * kg) (1. 602X 10 C)? P Jep °

MM T R, B THEF-ERER E,
E,=—me'/8eh'nt
METHERNE MEGERITARENE HREH EFEENESEDSRIE(E<E,)
T AR R

hv=FE, — FE =hi¢
U= (me*/8chel)(1/nt ~ 1/n3)
AT P ET ] H W BURR 9 Rydberg & #0(R), B
R=me'/8ch’e]
AP NI BHLR TR m AKX RBRERB IR o g FEEKEHR BT
B SEHITE AR B RFRR
R..=109737 ¢ !
Rt Z LR BTG B RE sl = mona/ Gty WO A XIS SR T 89 Rydberg % 8
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2.5 mERERSCERRER

F#£2.5.2 FRTFHEEE

Z TE IfeV L/eV Z TE I, /eV eV
T TH T 13.59 R Ag 7. 57 21. 49
2 He 24, 58 54. 39 48 Cd 8.99 16. 80
3 Li 5. 39 75.61 | 49 In 5,78 18. 86
4 Be 9. 32 18. 20 50 Su 7. 34 14. 63
g B 8. 29 25, 14 31 Sb R. 62 18.52
6 C 11. 26 24. 37 52 Te g, 01 18. 34
7 N 14.53 29.58 | 33 l 10, 45 19.12
8 0 15. 61 35.10 | 54 Xe 12,13 21. 20
4 F 17. 42 34. 96 53 Cs 3. 83 23.10
10 Ne 21. 56 10. 95 56 Ba 5.2 10. 60
11 Na 5. 14 47. 27 57 La 3. 57 11. 05
12 Mg 7. 64 15. 03 58 Ce 5. 47 10. 83
13 Al 5. 98 18. 82 59 Pr 5,42 10.53
11 i 8.15 16,34 ! 60 Nd 5. 49 10. 71
15 P 10. 48 18.72 61 Pm 5. 55 10, 90
16 S 10. 36 23. 32 62 Sm 5. 63 11. 06
17 Cl 12. 96 93. 80 63 Fu 5. 67 11. 24
18 Ar 15,75 27. 62 64 Gd 6.13 12.12
¢ K 4, 34 31.81 65 Th 5. 84 11.52
20 Ca 6.11 11.87 ! 66 Dy 5.93 11. 66
21 Se 8. 54 12.79 67 Ho 6. 02 11. 80
22 Ti 6. 82 13.57 68 Er 6. 10 11.92
23 v 8. 73 14. 65 69 Tm 6.18 12. 05
74 Cr 6. 76 15. 50 70 Yh 8. 25 12,17
25 Mn 7.13 15. 63 71 Lu 5. 42 13. 88
26 Fe 7. 87 16.17 | 72 Hi 6.78 14. 52
27 Co 7. 85 17.05 | 73 Ta 7.88 —
28 Ni 7. 63 18. 16 74 W 7.98 -
29 Cu 7. 72 20. 28 73 Re 7. 87 -
30 Zn 9. 36 17. 96 76 Os 8. 70 -
3 Ga 6. 00 20, 50 77 Ir 5. 12 -
32 Ge 7.90 15. 93 78 Pt 9. 01 1. 56
33 As 5. 78 18. 63 \ 79 Au 9,22 20. 51
34 Se 5. 75 21.19 80 Hg 10. 43 18. 75
35 Br 11. 81 21, 76 ‘ 81 1t 6. 11 20,42
26 Kr 13. 99 24, 35 82 Pb 7. 41 15. 03
3 Rb 4.18 27. 28 83 Bi 7.29 16. 68
38 S 5. 69 11. 03 B4 Po 8. 41
38 Y 6. 38 12. 24 83 At --
40 Zr 6. 84 13.13 86 Rn 10.74
11 Nb 8, 88 14, 32 87 Fr -
42 Mo 7.10 16. 14 88 Ra 5. 28 10. 14
43 Te 7,27 15. 25 89 Ac 5. 08 12.12
44 Ru 7.37 16. 75 50 Th 6.11 11. 30
15 Rh 7. 46 18. 07 91 Pa 5. 01
18 pd 8. 34 19.43 92 3] 6. 11
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B TFREEASRNERASR METFRNEAMES TR RETHMEAZDER
MEREASIREME RN MRS EEFHR.
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TR ERADE RAGEAR TR EAN BN AR ESRAFETHEMTE.
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A A i BLE T BE 2 X R 6 BSOS B9 R
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LKL - MERE-ERER DRFRIEEMHEE N M EH A=+ 1;47=0, 41
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MERETREIMMBTF.ARE DIERTEH—EBRETX ESEHE T LI
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B FRZEEN[(NeJOO  MESHM B FIHR ). (nd) (n=3,4,5,) KRE R
(ns)'  (uf) (n=4,5,6, ) RP\PER . WAREF L R LFENE 6. 3R AIHER.

i R P M AR (D 2 X 3p—>3s BT AR L. Go) EEERA K% ZM P
FPLL AT DRARVEN A BRI B R T
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L
H

2.6. 4 5&;& % v;\@g%; i :? g &&3 s .' - P @ o i §‘§
g . ) JE . ‘}};& . . ;%}, s .

1. #EFRFREBIEAER
MEBTURR AWENATREENETH m A oo RBETH m, Homg

wmy = é m;
r

60
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AR S, R T R R S

2 72
= 0 1 2 3

263 METHESZMATHBAETFRE
np—~3s EHE 23}, ns—=ip EEn=)
nd—3p BHE =3, ol-+3d BFE=H

HE-ERELAS.AHLSKE T

m WBRKHEM L MEKRE. L EAIEARPHEELHHRERL LRDESA—E
HOORERBNFANY RERHE LHERDE MNTAIERSHENNREHLE. - L2
TAAO. A1, L2, R LIEQLA DN FREE ms A '

my RIRRIAH S MEXE. S BAEAZ/DE . BOSIRER. S ME/NMEAR/ 25
0. — TS ZTFRUAS.S—1.85—2,, =8, QS+ DA AE B ms {E.

AT LRSS HMARYE JU=L+S,L+S 1,0, |L-SH. BT ZTHE J,J—1,
J= 2y =T 2T 109 mu R

M EE TR L-S BA SR F ARSI 6 3% 3 T AT 4 B AR BL TS (D F i
ALFAEE HE FAARAEANTIEFRAUARTFREMNES, QN Gp); GDIEFM B FHE,
BBEFHERFRMARFRTELH - TEAHBEMES, I 2p) (3p) 8 (3p)' (3d)' 4.
i F% Pauli R RHLFARA 430 RS, lRA S EER R I EARR.

(1) FEFHr L T4 A&

HTELCE-TBRTEARE,NERENRAES. RER LS A&E¥E, B KB
AW BEADEREIR. Bl 2py Gp)y Sl L=1.L=1,018 L=2,1,0; 1 5,=1/2,5,=1/2, 0]
BS=1.0. 8 LASHSE . THNAERDSPSS,'DVPVS. LA S #TREM
Fisk . HAST B DIAT WA E . B EA S SR L b T E TR
gy ORISR R A BB EOREES. B0 Tl TR AES A X QS+ 1) 2L+ 1)
HAFED PSS DL P 'S BIBRBE S8 B 15,9,3,5,3, 1, it 364 BT (2o)' Al
BHEMZAE FRRLEBES. ) Cp)' B SN FHE, A6 X 6=16

w MAES JERBRCESIBL-SAMBE-EEITm, BB RGeS+ DL+ .
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% TR AR 853 Pauli SRR po R0 e m o seogs (ML 1 WL L
BORKREE A, WTE Gap) AT, Panli FEBE LA LHEHF—FESH 1 0 1 o
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B 7 TECRUIRAS BRI BOWR S B TT TR A& 8.
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P
=

61
21(6 — 23!

F2. 8. 25 G BN LSRR S, RP m, R RER2, R E L=2¢ %R
D me 5 ms=0— BB R S=0.M2S+1=1.8F HiGT'D. {EH> 1L 3 B 163
BOAR BHOT 2L+ D QS+ 18D MRS AMRE KSR’ my BET O my P82, 1,
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AT Pauli FEAMEH . ENBFAEFAE BF-SH"LE Ma PHFHE -4
AW ICHBH S » PTFURHABGNEAMEE. Fm. MERTRE . Gy EET 292 1.
e S apY S EERELIEIET. A, ap)' 5 Gp)™, (ed Y 5 (ad))?, Ged)* 5 (nd V¥ E B R
AH IF) e S B 70

2 SBRTFRFHER

MFTF R AEMHFIR A BIEFIRENFE R MALIN 658 T A GOR e R s
HEZR T A m.

WE--ZHFEFHES SZBEFHMOEALEA AT FoEa ALY T8 F50H
KB R AR R — TR P, G S R TE R 2. 64 R — R R H TR TR A &
R B rASTERENCETR, AR EMGERDSTARE. p) @S8R KK
P DM'S. KD EEREM AP RALESNEN. B 5B A REMREER.M—
TG E NI LMET AR FIAEASHACIADHCLH-DAHE LT MY TE
2S+FDCLEDMARN JE SR TETEHSE . -t XML — 508
DT ARAHAES HETE QD IR m, X BB T A E SEHM LR
AYEYEEHE I Fp 50 24BN N Zeeman BUAE.
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a— fRE (RS b—A5 FEBE THEER(L#E:
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d— XX T HR L-S WHRTIER (LB e — S HRURD

Cep Y SR T RENZELS PRGN RTE2 6. 4P TR S 208 2 T-05H &
e JETRAASERFREX. BESERTHELAN  AR-MEHEEER R SEEKN
MAE R TREREL R F USRS NHRREE SHMESR“HESZ EHFR
HIEMBFFHAH R SBEN, ERHFT——JERER.

EHTHETRENERRE . AS=0:AL=0. £ 1;AJ=0, 210 =0T =04 ) Am, =0,
LR R G e A WU B 2 R TR G S R B R E 24T
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3. TR TR BE LW 1K )

75 F1 Wyl 68 005 10 R F BE 38 B9 1 { BT . 7T 9% T R Hund #AEEFT X B FTiR (2. 6. 377)
Hund # W &) 7 —F & H 2

(1) F LR —EAN,S HBRKEREBE;

(2) S RN, L HERXERETE;

(3) -Hedu, L #SEMRN, BT TmET .7 BN EREEK M TETER
WEE BN VBB,

Wi AR FZEN AR E TR ARKE . SHEFHAEASRNRBNGE
R AR RN ESIEREESHEREBE BT, T8 H rE-F
MENA RPN E B THEF L #1 S M KB L R BT RS L.

Cls) (2} 02t ms=1,8=1
1 0 -] m— 1,01
. L_S=(}03Pu
Ti[Ar_4s"3d* my=1.85=1
Z 1 0-1-2 wmr=23.L=3
fllEEE L §=2.F,

. 1 o1

Br{ Ar]3d-"1s%4p° MET TG R TT
1 0 -1 mp=1.L=1

o
r pa) =
L=—8== Pz

2 i

AL A LEBERF R . SR F. SR FTHARTERBRENLE XTI, 1147
KIS 85 P PP FS,

L RF & S St il F0 R F R i ok i

AT LR IR P E AR R B B R 51 0 R OGRS E R W B,
Ll HI T R SAE X B E o ey R . MBS TENERE —
A CRERALHEER O AR

HHEHERTZAMABOCROER, R R TR EAHREAS BMESHET R
AREER ERERE A0 ~107") BT XN RESEIKEERES [, B LEH
Bl hEReER. TRRTRMERDER BEANKF P TIRATMEENXER, BR
TR AL AL %

WIHELHAERESH FENERBR TN AER S HBANEA SRESET
FIR W X - A RN BB RSN FRSE . EATRETREAT HER
MRS R AT A R R (R 2O TR R P LSRR S R RS EAy
B R X R B TREOEE TS

£ BCRE R T (2000~ 3000 KDL, R FRAFHAESHETFHE HTEABHEES -
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MAEBLERERFHRENIO  ~10 “Eh. Bl ~-REAGTRFESh ST EREE
W B BT RO e KT T B 4 A R S B AR R R X R R T R B B R T
i B E R AR B R,

[T W G i o A DGR B L BARST R Ab B, RN R B s R RS R E — 3
ATSHEFRBAL, CRBRAFMUTENR T EARGPEEERMICE BEXLETEY
BFARRRYE, TRBEAD - WEMIT R REERF R T LRI A ABPRERT
AERTRETHSVFET HEMTREANABRAFT LHROEEIE F eS8 ESE T
WL S R B T S SR AR B O TN o R AR R BRI Il R R R RO 6 R e DY T AT R B
190 HUAR A2 T IR U B — B fTL L AL A B U AR 2D B — B 4 T T S

Sl W OL W R E BOR R RMOLEE CO B RS RSB (O RER. A K
HARYCR GETREN L WEFRSBOLEE A MREER A KA TRERF R o
R FETHETKE L2y RRH

A = kel
ML AR T R SRR R EP RS R THRE LTI PR S
M. ] X AR LB E A AER AR AFEAESHFATENREREL. SRIEW. &
S BERS, DI R EMRERE I EHEE XA VAIE R TR o B .

2. R X B

B e X MRS EN R TFHORER FIRANEM. 98 EB T HRSmn .
PR TFHRZMK BBEFHEEN FIAGEREGNIE RESTRTHRHE, X8
EWHRTERIEK BRAA S, RHH X BN K RESH 1AL EZMRHEN X ML
Frl ZAES. 5% HTPRSE X FXET&BEEMERE— 2. 0 1. BE~K B#H K,
ME-KZEZHEFIKBFZ2 L EZHE =14/ E3MER. HEM®KFRI L >L L, ETi
IR Ka TR &SR Ko, Bl Ly ~K KIE=4 :Keyth L, K KE =4 Ke, R A
BEE B . M0 . CuKe. %5154, 06 pmaCu Kay, 29154, 44 pm Ko B E KA H Ke, 38 —15. 5 M B
AEK A KPEWEHILABEHN.Cu KR M, K BRI K %139, 22pm, H BB %
Ko, #11/5(BFE8. 4. 1/8. 4. 2).

FHET Ke BB H v FRIELUTE

J= R(Z — g,) % — -21—2} - %R(Z — )"
A Rydberg H4 R=109737em ™" 1 Z HH T H 8o, R BRUE B AL 0. 90, BB SR
HEH LY Slater BT B RS RE. BT i
7 (Ka) = —}Rcz — 0.9
B -k FIEBRFE Moseley (LI HOH S UK = E MM X IR0 BEKH#S, BI2%
YN
,\Ja"fll =uld — &

M- PRERRNETFFR Z AHERBRPIER. B TEXER.

BF X BT AR KRS X HE BN KT X R S8, X 2R
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BATHER AR —EEHAEF. (1 RERRAEE B HE#S 2L SR L. A B, Rt
FHTEAROHREAR EERNRCBEEAR . MAESHR K X 328, (H B Ko b
HMEGHITL FREANSERE.

3.X SHERW RS

AMAISER LB Em X Srek Gl ORI A& AR KN X HEE508. fR X 54
KA 7 X SR04, SR ol X S48 a7

X G HEGAMBETIHMNERETN . MESPTETENEFRZIEE X SR ES
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B X MARBER LK. IR MEMITE T BN S DH K, 0 LU 2 3200 ¥ K, 2t ol Ml
MRS ATE I EELMRE RO MEAENEE.

X Bt E F AR

) AHEREGRNEERE, EARR D
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by THRAIERELMATESE .G A TEENS - -SEEFREGOSEFAPHORABE FRRGFHKT
PR X0 )09

() HEAMERFFEAPL FRHESEFAFENATOE , FHEASEMGRRE R B AR T
(R X - 4 ;0 F 8

2.4 WEHMHERE HERFAEARESKIAEESK T EMA TR KERN20pm PR
- CH.CHCHUHCHCHCHCH, , B4 FREFE X A RBOE . F I F PR RER SF . HFRHES
HE 7 7 o] i Y 2L B

2.8 HEEFETF Er=a.fr=2a 4t W E.

2.6 IHEFETHLs BFBALE -=100pm WEKE RN EER.
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{ e n
| J.‘r"c“’dx = -——
| ] “€

x lestdy + c}

27 HBERFNBRE. P = [ [ | shricindrdods, frt POOr B K PO =0, 1888 - 8, 138

TEZ - HLAEF USRS 005,
2.8 EMERETFHN—{LESET R

(Jb'.: = (mi}_%expr— HL]

g

) B THEEERERZEESNERNADE,
(b) MR BERRZEEN THEENT IRE.
2.9 DEMEHETRM (;bl:'ux:"__"l"_'__' ! ~ II expll: -'Llcosﬂ, HEETF T .

1 v/ 2} 24

{a) RFHiHER E=2?

(b PLilifghidt | M| =78HBE | 4| =7

O MHARB M WM -HAOLERES LY

() FIH B T HBETHEEN AR CRLEH R R ).

Ced T A RO -4 6F BRI R (B0

O MEFERRKENOCEETML?

() I H 42 6] 40 7 7R BAL

210 MEBET ¢=cduocodu Fodut I HERRHECL T —Ib. {3 ¢ AEBHRE HHE,

() EMFINERRER 3. 4V NS,

(b) AHBFHERBHE V 2 A/2n BABEE:

() AFHBE-MLOTRENYRERASR - st a/n HAHBE.

211 HFEBETF fr BE Dy B DR AEE r=a 4t  HEAMHAERRRRE.

212 HEHAARAFELHERFRSHCd A ENRRE KSR BEEEHOLE E. 005
m R S FR .

2.13 5! He T 89 Schrodinger FB HARAPLIGHEEN BN EAPLBE IIEABRES
CoHlep' M EANBRIMREES. :

2.14 S LI HTH Schrodinger A8, AR BT ENSRETINEX EE LI BT 1s S8

(@) ls BFRASHBRRERENER,

(L) s B T B RO F- BR S

) Is A HREHERNGESIEE.

(d) Yh§R L7 8 F a2 An2p BEER BT

Y LB TFRE — S EREE Slater B ERERENEAH).
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i HE.

216 CFM He BTFHE—HBEEE 7 =24 59V, ik itHH.

(

ay & TR EAE.

by HEREE:

(O FEIs MEFRAETHIRE

(d) FEWCHE ¥

(o) RO HERE H NESER.

2.17 HASlater BB Be BFHBE—~SHNEEE HIHTELSRS Be HIFE REEHEER,

2,18 2 4dF A tDRHE Na M F 893 M2p MM ERCRER .

2.19 BEHFIETFHESRELTMHES ) S (b)) Mn.{) Br,(d) Nb, (e} Ni.

2,20 KENaFF RFHETADURBMARES CLls"2:"2p 3p" WFEMGEZHH S,

2021 H A NiIE Sl gEAYR A K. (a) [Ar]adis?. (b)) A 3dst A KM T EERRKY
K AW RTF,, NG ERBHES.

2.22 ¥ EUAH AN Pavling 55 f Mulliken 370 2B 2.

2.23 B E R o e R R ek S A A
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2,25 fho R FHE A R 0
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3.1 At

N 2 . T

I Pria=d: ¥ I“Xﬂﬂﬁ k?ﬁ%ﬁﬁiﬁ*?,nnﬁk%ﬁtﬁﬁ%f’ﬁﬂﬂi Y EEAR AT
ARG AR, U — AR S S R i R R L — -2 T
SR AT RS YRR BN RO, B2 S E A R0 HERFHER T
W)L A R R Z 4 F (pan-molecule) VEREZ R 21 HAEFMON AR EEAETF 4T
FVEMET. T BT ARG T 8T 2 THRRTHAMAR 4R . AR RE MR
MEARENREE ARE, ST THR. o THRENS TS ERa TR THEBEEY R
PEST AFRO T COHENAT RIERFEERY R FOER . K2k Ay
FRASFET T B N A LE RS A By 0 TSR T M BT A 5 o Tk
BAORMASREER, R0 L M.

BEE-LFRBE XA TRAEFHATRE TR TERABRMELER, R E0E AR
EWS-FRGE R ETRUGRBEMS R R MR, 73X -4 2 b T R
ErmARRREL G RSHERROIERAMAFR. B0 TRRETHERFESE
— 8. X - HRHERNGER TR L IR, RF ANBRRHERBHET.

311 HHR. RTRNEREMGILE

R st } B | L
CARIBMA AN | ABRE LA RIEH: A F

| B | B BT
283 71 IR ﬂﬁ@?mﬁim%Aﬁ ATHB BHEBRT | AR FReRERTH

aE—i e
%nﬁﬂﬁlmﬁﬁiMﬁm%%ﬁﬁ A BEHEE.A-A N SAETHERY
# B- BRIiE % 1

REE mA R FRET | A THRNMASRE |6 MIEERE. AT 6 R

1 g AT ¢ BEFH N
LT I BE RSN RBIK | BEDGRIFENRU | S

| ¥%4% |

HTZEUESTUERRMEI TRARFERENAAEE WRAEIR. TR —
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#3138 HPERMUETF TRy
MR T D F A G R R ENARER. G RN EEE b R AR b2
B PRl plnde Sy R R p A
SR AT G BT R G R TR A IR R R A AR ) S5 VUROR [n] B S AL HE 5 7 1Y 1 {4 Y
ARG B R TR INE W AR A 31,1 Fras.

1.1 #FENEEXRA

TR ER MW E LM A -HEATEAG YT E O8I MR L, fl
M ED CRTARBES 7 REEHRAWME. ZE0FPH CREFRERLNC—C
o WA BATERE s MO TR ) B o 8 Al B RN SRR BN T
B EREEMNSEMS:REN RS TRKE oo n HEER M EE S SRR K
3L IMETRHERERE PSRBT

£312 ETERJUSHPEENLIZRAD

WE 1 i il
ZnS ' i B TR
Nhi) BrE.2FHE
Sn EiEE MR
{1 M HireE. 2R EEEN
SAr + 16H.0 L. S NERA
AlP Hirég. N FE.2B®
WAL ROELO T CATCH 00, (802, EME. EFR. BT8R THEA. 858
3.1.2 ERmssr 0 LY T R

T 540 G v 248 4 ol ) 0 P B0 F A S D HE AT B B R DA R B AT 2 [ R 7 B 4% RS 70 11
B R P

CRTER PR I4FTE. BT 20 MABEREN RAFATMKUES L A SR Ee
Hif 0 ARZ TR BA 30 EM. ZETENFE TR SRHEROLERER T T
GEGH . B ROTER MR T A T A R OE AR IR b T LU AR R L2 . FE R
AT FRETE AL A R A0 dE B

ARICAHBMEPINE - ATE BFRTHA VAR 1 AEF, A E AT
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3.1 fLEFEEEE

s F . BANZREMEF SEFAMERE T T8 FR A  WTRKRE I MET R H.
BHREETRAE LA sHEMI NS TSMER. UL 20 25k A THRAFMERLTF
MER CEEMBESETERRNLSYPTUERLEM LR ATE.¢RY . SHELMmE
LR e o -

1 Hifrgg

M HCONSHEEETEAENIAYHAFH AT Y H ST R B8R
5y S~ BT S Flm HaO  NH, CH, ,CH,CH,OH  H,S # HOL 4. SR T4 ¥4
A 32 prw

2. BT8

BEFUKGBI I MEFELH BF. 8T HEFREFRAERANC 75V B R R
BrMEEARTIE(EERTEME V) HUBHBFESMNESRBARE BB AL
1,8 NaH. CaH, % A B EYPH UETRNHEMES FE4E4.H HETEER
130~ 130 pmZ fA]. :

HEFLZELIAETER B H BRI A, ER KN 00015 pm, H—RIAF /D
O f Y H B H MR T, B AR TR R R A B RS T RSN H Y
EFRREBEFRSTEE . BR HOT HOF NHY FEF. EMAMFSH FHI B e
TRk EY.

3. &ER

M, R & RAE 4,8 Pd.NiLa LaNi; FXREHUH, UEFREFLTER Y
AEMERZP. Bl

=0, 4 MP .
LuaNi, + E'HFL—'“W":: LaNi.H,

-

Bl H, 89 JE }170. 4 MPa B B BERE LaNi; 3 & WM <70, 4 MPa B, B M7 H, LB HE .
LaNi; &£ -Fff 58S 4k

MMEEEMEIFBREBET G 250GPa 1 77 KO H, # FHETRELKE S5 T4 H,,
PRI PEAENAERE BEN, - BTEPABFELIMSBREN .

4. £8

BEARMAX—H-Y &R, KPXMY B S BRERT A0 FONCARMCER
BX—-HeY B7Y EFE N BF EEARFNZEN X HAESRTFHERE LFE
KA E AR IEH .

CEN - ERFELRPERNEENZAXGZE, XS HELT Bt ie et g
Bt A SR 136 D00 6, 7 B 7 2R 25 4k (donor ) . 7 88 3% AT s 19 3 BT 46 O 52 4K Cacceptor). TWI7E
Wit AR A, MR FHEAEIBETAE donon)  EZ R T KB &
H IR & Cacceptor) = BT A B E.
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TS ey P HEFITAMETRER =L BT Ge-2e R F 2908,
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BiE EOHBHNET ST HERLE

6 H E@

H figtk Al MREEHEREE 1 GEFE T MR EDIFECBETERSBELD. M
Mg.NiH, Mg.FeH, . K;ReH, . EFX & &P M-HEERMUILMEB . HFIM HMHNEE
7B AN E

H H 1 H H
M—H N SN s 7N 7N
M M M— ‘M M— M M<——M MM
< ~He- ol
H H M

7. FEEE

AT HOBEN - TERAERVE-TIESRRTIANER 2 FHERT.H &
THARERRTRARLENRS:. —HBoEH 4 TR ENB BT HBAESMERIETH d
HE: R - HrRERIFERTEBES H, s THTH o LBIUE. AN ST TERUBRER
BoTHHH-—HB.EEFRHBR 2 HERT.

£ W - H, (CONL[P(CH) 1. BA B TFe (-H,) (H) (PPh,CH,CH.PPh, ), |BPh, H4L-&
PP-H SEREBEFAIES & SRR REHER .
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H

| b H N7

I7 Fe
aOc /W—| RN |
P~ | H p H

p

8. e\
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KAl O HEREZ MM FESREEFM EETE0NEBIEAT P . BEREMNH B TR
MeREF MK C—H—M §#. X 48 A % 30 % R0 agostic bond, “agostic” ¥\ FHr'T
VoEBREMOHAHREERSE.

MARALAYHERIEFMBRERAAFFHY. ATMEERAEN. E—SAHLE
BieaHwdh.C HRBREOHETFESM EFHEER. A T2L00LAAN. 1 mE
B3 L 2lksORMP . BRT C H-MBHEANSRRTE ). BT, Ta B
FHTMEHEFERERES . /TaCH MNHIEH 120740 578 K 84. 8°f 78. 1°, i Ta 1 H
5] T2 B Ak B2, '

i C.M
2 H :‘znfg H
/ 3\113.1 \/ 3{135
gag’\ Y
1 Taw)“’ﬂ\f Me, P ———uTa CJog
b . CMe 1946
1612 : | 1oy’ CMe,
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Cl C.Hy
(a) {b)

M312 fC H-MBFXH-—-REHeNy
(a) [’]“?L((:HCME3)(pMe;{Cl\t):Z E{]_‘%Eﬁs (b) Ta (CHCMQ;)(qs—CSMEh)(qE—C-‘-H.{)(PMCg)
(AR om)
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3.2 Hf MEMmMtN@nER

C--H—M I RE C—H 8K 3855 IRt FB e TR R AT A LML
TBECR: W 0kt R

BB ERFHHERE D, - SHRTENEE TRME MR TEREMHEANRY
e M MER I TRMRF S MERERNE MY 8 FEE T, BT EER R L
KM SEES. W FEW AR S P80, B 2 05 0 T8 A 4 B A9 B2 v o 2 W .

HFE MR RREARENSARERE EFEETE FO @B EER.
JL 4 bt S R T BUE BB 0 AL R 4 U L B o R R B SR 80 LB F BGE i R R
i HLES A TE AL S R B R F (AL T RS JRF 1 I A R PR O e SRR T IR TR AE R AL TR A
Zhn R 6 £ AN IR 2 ] B R 0 B L R %E%Eﬁ%%ﬁ?mufﬂ: peiol=
EEA A EARGER AR SRR AEER (A AR TR, HERET2 T
HH T 1AL A S 01 B ey 0 A X - R X RR AT ﬂ]ﬂﬂﬁLE‘HF&ﬁ’ﬁ.ﬁ&ﬂfﬂ?ﬁ?Lﬁl&n
Hho R P R (] B9 R R B PR B 2 B T 6 R 0 A O e AL R R O R T AR R R BB RS
TRESBUFTTCEHTINBAMINET ARG H R BB R T kW . hE
QU E 30358 il vl A - 2 o] iR A S 3

3.2 Hy Mg5fwILir g A

H REFREST. By ERARE. MESMEAHEEG - TR ERE0 T HE
B E UM EFE STANENERRE R 106 pm B FAES 255. 4k] - mol T IERE
BFMARFENSEEBRTRFEMOER S - . 5870 H, d80HES R T RIUR
tfvj\*fi**’]&f“ﬁﬁﬁﬁﬁﬂﬁm’%‘

e

3.2.1 HH@Séﬁradmge :b'ﬁ R A

H; - A@.ﬁﬁi/‘iﬁ?ﬁﬁ A%?ﬁ‘]{?ﬁi,ﬁ%hﬁﬁﬁﬁﬂfﬁ 3. 2. 1Eﬁﬂ‘ E‘PA*HB
IR TH o fn 2R TSP EAER R AR Z A AR,

H; #J Schrodinger ﬁ%uﬁ?ﬁﬁ%fﬁﬁ ;\
IF %\71 — } — ot % }b - Ey (3.2.1) ,;//’ o
LG R E 4804 HY mmmuﬁaﬁ SE LN pd AN
LR R TSR, B Rs =ik EeT A - On
EHAESIGE ENTAEEARFENS SRR BT |
LT FRILET BRER S 0T T R R E, @321 HomeR

BrREEHN B UEERYS AP RSB MERSR. s FUoEBENERG hiE
&y, i Bl Born-Oppenheimer (3 B - B AW B0 30 0. A 18 B0 B % ¢ BB F i 32 3R
& XL ERELRS, BEHEE R # Schrodinger 512,13 B4 F It T3 MBI EESR . i
AR A nf 1] ??ﬂﬁ%ﬁmﬁﬁﬁﬁﬁﬁ?& '3%?'%5%%%15#!1]‘7‘&4] R ﬁmﬂlﬁ&ﬂ?{ R..
U SO . %
3.2.2 ﬁﬁf’kﬂ&hrﬁdﬁlger :Eﬁ w0 ;sfé _
5y ¥ 2 % Schrodinger }JFB@ ﬁ:ﬁ:ﬂ)@ﬁ& vRTF Mﬁfﬂ*‘]lﬁﬂﬁ_ ®of £ 8 — A4~ uuﬂuﬁiﬁ
W R R0 HE R BN SRS R TR FARRLSHMEE L),
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F3E ENBONNESTFHERLE

J-Qb'g;'gﬂrdr
jgb“g’)dr
AR A SR A0 T 25, 8 0 A 0 X9 6 B0 K 0 R S A
oL FR) 382 P B

(3. 2. DR FTRAEB AT AR oo s M — IE3E H— 5 4 09 ML, LBk B4R 10
s B BB LA B

(Ey = = E, (3.2.2)

fiy, = Eg,
¥ (3. 2. DRRE @ B MIRR B 1 AGE 8K o RS LB
P = oty + P T oy e = \516;5‘0-‘

AMA ¢ MEZ. W& AT B FHEERE
(Ey = J¢”ﬁ¢dr = Zcf ok

Ii‘:I f‘r. a8 TH.;!'JI—E{E:’ }J{-r‘ Ci=1(ﬁ‘1' 2_—'|_j._‘ Q{E-& lU )!0{‘:(—}‘ CJ“"-<\.]- 3&1&

(E) — Ey = > ¢/ ci(E,— E,) =0

BT LACE ) 2 E,.

BRI R E — SR 4, B

Y = oy ooy + s 0,

K E A B AR ST W B9 o {8, 7 T 15 50 % ¢

P F g sh Bl A BE Ksiad ¢ IRV F IR FEE ¢8R, M8 THE s 38 B R K
SESEEMT ¢ MIBEFREE, BTUEN,. ¢ B FHBE P8R T BRIETYE
FITER . i AR FHEMEZN RS

&= il + by

X MR BB NP o, flo, HET SR

AU S [P S,
S{’n V/? = + ;bh ﬁ [
o |¢Hgdr
%@ft}\k:“. _EPw-i‘%"
¢ gae
j(c,sba +oedn) ey + cn)de
Ele,,e) = (3.2.3)
j(f»‘asf’a + o YidT
BT H BN ERESEE M Mg IR -LER. EF X HS
H.= |¢:fgde = B, = [piBigar (3.2.4)
Su= [ dide = S = [gi pude (3.2.5)
Sp= ﬂs&; ddr = js!rb' ddr = 5, (3.2.6)
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3.2 Hr MgiWmfrmmarkn

Hoo= (wifipde = I = [pifipds

ciH,, + e Hy + ciHy,
Cisaa -+ zcﬂcbsﬁh e C%}‘Shh

13 Elc, ) ==

X oo WG RCRBIE 1R

a{:‘& *-?E_?a‘:d_o
B _12Y _var_
3, = 7 3o 7 on
. Y s
Tﬁﬂizslﬂﬂﬂfiff-'f@
aY_ aZ__O ﬁ—E%:U

a—C: ad_fa - dcy, ey,
B Y. Z EARALHERG 2 HO~G. 2. DX, B AT E
el — E) 4 co(Hy — ESy) =0
c (H,, — ES,)+ao,(Hy — EYy=10
BT BAREAFNR . THAHTHR
H,—E Hy ~ ES,,
Hy— ES,  Hy—E | "
AT PN 1 K BB

. H.-m —l_ Hﬁh
El - 1 _!_ Sab
- {7'4 B ‘F_.Ietl'-
bz l - Asla'h

BEEMRAG28~G.2. 9B E. B =, . MEHNEBH
¢ = . (e + )

W EAEICA R 2. 80~ (3. 2. M E. 98 co=—co, MM S I W2
= cilg — )

izt i o B0 - T S fR L T R 1R

| —

C, — (2 an 2531))"

| —

o= (2— 254077
3.2.3 M H..Hdd&k)‘lﬁl“é’!ﬂﬁi% "
1. ECRF

B L H WO EE R, LB o BUS MBE B Bl 1

= jsb;ﬁwsdr

- L1 17

_J¢‘ [ 2 v r. ry RJ('b‘dr

= Jpg:. [_ Lvé — .1_ ddr + ljgy bdr -— | —1—¢dr
[3 2 n..l a R u{f’ln J ] r, A

(3.2.7)

(3.2.8)
(3.2.9

(3. 2.10)

(3.2, 11)

(3.2.12)
(3.2.1%
(3.2, 143

(3.2.153
(3. 2.16)

e
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F3¥ HHBNRETLTFHERLS

1[4
= FH — R J‘ rhdr
=EH‘+‘J (3-2- 17_)
Es ARESSRTFVER.
_ 1 1,
J=%- j Ly (3.2.12)

L — J%hsf’ﬁdf FAHT ZE7E ¢ PUER ZBIZ b fEHF WS 88. BT o NERTB A7
EHTHEIMETFETFE: BLERH L BRI, HEXHTHEHERFEEL/R HiE . LA
SAHEL LT AT DRI BT B HI ) R T R AR R BT H AR En 895, 5%, BT L
11,7 Ey,

2. ZHRES

A H M BB X8 B S BV L) o BT o IEBBREA X, Bk S&MEE R
A7 K8 PR

Hy= EuSa + gSa — | 2dhdr = EuSo ~ K (3.2.19)

1 I
KE ESR.’ — J r—”(pu(’bhdr (3. 2- 20)

G0 TR T K R UE SN B, Ex= —13. 6V, X808 H. R 8. Bk 2 p 4
TR S e IR E R L OTE A A

3. BRAS

S HRE BB REF S B

S, = J-g!)ui,bbdr (3.2.21)

I BE 8 R AT R=08,5,=1;2 R=colt},Su~0;R FHMEN S AOBE T &3
AR -RE St
BERLEMR/AG 2.1D)~G. 212K, 09718

J+ K ,
K, —E1|+]—1—5 (3.2.22)
_ J—K ) .
E,=Eq+ T—¢ (3.2.23)
e J K. SAEDEAMEB YESHHEREPRE, BERUKRFEMER,NE
J—[H-RJ 2 (3. 2.24)
{1 2R
K_[R-_?Jeﬂ (3. 2.25)
' RE'-I
S:L1+K+?}e‘ﬁ (3.2.26)

UK EBTBES REXNEE.RESES, TAKIFE L BUE. #1005 R=2q,8,
J=0.0275au,.K=-0.1127 au.S=0. 5863 au,, fi

JHK
TS = 0. 0337 au




3.2 H;y HEHTEMBEER

Jg—K
15~ 0, 3385 au

AW, E <<Eu<E,.

3. 2. 24 i H, MBR BB BE R AL AR
CBJ E-R 1) AR B, E P R BB~ 7
EMA.EMNERNAKERE N EREMEE. g
HT BRSO E MR HBIEE H170.8k - =
mol '\R=132pm, 5SERIE KN BM S8 .D.=
269.0k)+mol '\R=106pm ML, . LT E

\‘ ’
~2690F - - “T/
|

%Ii* 106

E:Eﬁ R @ﬁnﬁﬁﬁﬂ?%s ‘% R_"CXJHTJ-!Ez

Ripm

g0, I H+-H BRER. M3.2.2 H;yHeER#S

HERGERTR.AESLELRE H @

Schrodinger A # .2 H T K BE & o U MANWER £,7 E,

I a4 g
b= et ) E= TS
1 a— f8

s = (a_ )9 Ezg
Y A 15

007 B 4 R BT B (L T =) 2 Bl R
T 1 z 2oL
= o35 T b 20

e — __l_ z 2
9= 5ae (9 B — )

(H+H" & 00

¥

(3.2.273

(3.2.28)

(3.2.2%

(3.2.30)

G HIBER s BUNMR, Y TR THLs LB HA Bl R MERERR, ¢ 58
MR BFHEA G H AEEREERNERFHEAR THERES wH IR BHE.
M3 2. 3Rl — P ERFR-TER TR REENER H M2 THERR.

®+®_+

]

(a) SIS
t
O-O—@
¥, &, ¢,
(b) Fridtkhil

B3.2.3 v My BNl SFRE v wRSligraRE
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A B el EEERBR T X —25R. WFmrANEEHE, B oHEFE S HE A
MR A BEN S MBEBBEMEE GRS EEFELM. E3. 2. 498 B R T
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2gn B F A HHBEEAR KOG ESHETFS (4" | B, ZERR0, BB A REH
HE NG Fil &80k
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3.3 &r?ﬁﬁ@v’aﬁlﬂjﬁ TJ}?IFJ”#SI

X FMEED. iR EDH — R A X R R 005 A0 0918 Do X I8 T B R
1, A9 IC.

3.3 A THUEBRHRUE T2 THIEH

3.3.1 ﬁﬁﬁ%%ﬁﬂ% I x& L7

H; I fe 8 89 5 7 ﬁﬁﬁ?%% fﬁﬁg ?Eh‘ .M Hz ﬁﬁ%ﬁﬂ’] A Dl R BT
ASHMSTEESREN . XEFEEF AT E AT UrsE. 8 H 86 — B ). o)
HEHT BT TR FHLEEE.

1 SFHERBE

SGFTHRPRTFREFAS T EFEMEARBE FARNTFHEFZhE. 5/ MEFH
BHREHERK ¢ R AT THPRER TREAR X TTHE. ¢ ¢ AET B
Ml MM RBEADE Fm MW d odr FRER F AT R SHEMRERT dc FHIAS
4, AL el SRR RN B S R o b R AR R SR T A S M ARTE
R FHRE W T Hamilton ﬁﬁﬁr Al K¢ Hﬁ}ﬁl\ﬁi‘fbr:ErEbi RIL Ak
BT ETFHABEESH. XM E TR ABERNBEERS. AR T S5 ihd FREAMNR
MEE I L. Wi B WB 290 THE ¢ & b LLEHEER E L E, -,
E, 4oy TR Pauli J08 BB 8 B R BE R Hund SN[ RE X FHOEL. 7T
R e RETHRILFHEREMWER. A THEREAZS TR AL THEM T TIAR
Z Fi.

2. FFREMEK

5B @ T LT £ A BE S AT I B IR A 2R 1 40 5 (Lincar Combination of Atomic
Orbital LCAD B8 XefF-roE@E TR EHS RS FHE AR H AT, BLEEGER N
T WAL EFHEA SR THEN R M TR TFHENAR Y MENIE. 8 T
TR EEMNE . S TETHENR RS,

HAANRFPBE GRS RS THER, S WK LRSS MHE JEBAES W
PEPC AL R b, RBSUSRAR I , BB 3 RO s A5y THLE e AR A AL T B i
BARE). —BETIRNZETHEBESEERNERN. B UM RE SN )E T H0E
HERS FRES BRAFROS FREL S ARSI MRERETHE IR ENST
HEMSERSHUTNBRRRETHE FERERAESE REE RS B ER
BEMPRREE . MBI NEHNES 5 L—F BB H, B L 8095 7 m Ak ai iR 95, By
WX PR DLAC . LRSS R T PUA B & A, LA HRE M. LHRIE 8 B4R R0, B3 5 1@
A F TR R AT PR R R EOR A B A T HUE RS I B 3. 3. L) R i 35 T Rp A i R XS R
PERARNR. S0 BEEKE - FRFEREE HEESMRK. E—LEFAES WEET Y.
W B RCRROE . BRI a 3R T .

HEREPTFREPIHFERFEEEN, BT L RUT P B A 8B4 & AR B S,
WAL R R A .

RESR S MR ABUEMAI T W o Moo WA BWHTHFHERBRARAE T
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3.3 A FREEENIE T RESH

fe) _U
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ST HE o R R RS IR TR ¢ R AR BN,

3. XTRENE

s THRER B, RITA N FREBHENM FURXTHER, KREEL .

(D RBEPERE T2 THIE DA D E RS B HELF S B3 HER
M—¥ EFRRE.RRIE - ERERE RSN ERE RS FHE.

(2) RCBEPLN B A BP0 ML M BT B — BUE R T 4R Paull A 720 5 28 B Bt S 16
JRBERE Hund SR HER 7, R ol B8 0B I 6 B S 0 08 185 » Bl 1y o A B ROA T
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KRR A Ll n o, LS @ B TR R R B, A« A TEB T
5 1 5 B N 35 3.

W HMO b M3t 5E 4 FLE MR I F B

(D AT r B FEEN o RFFROBS S THEHES, TF o 8« 8T 08

(2) £EAHTRERM I L o BFE. W« B FHRERE 5 F IR

(3) I8 w BT & HHESRE A ¢ 38, £ Schrodinger FEY

Q« 55’* = Eﬁbt
HMO BEHMES D CRTH o« FUHIR L SH C FHTF 2 M0 W, TRAESE T § B4
HEBHG SHN O IRAFELBPERR Y R B EEER. AEEBIT.

D REHDIFE2ACETF B CHETFRE—p Mo LERS LR o %

LLCAD . 1Y
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BIE ZREFIFHALER

‘a"£r =¢¢ + 62952 + - 4 (.‘.1'95" = EL“-QS,- (5.4.1)
KNP ¢ B ol REABSTHE i MYCETHp Il . £E2FMEDE A CETFH
FHFHHHSER.
(2) MBEAEESEG T M
afk K ok
'ahciz()&E:Os"e éC—;IO (5-4.2)
A8 AT B X
[H,, — ES, H,—ES, = H,—ES,[c 1
‘H, — ES, H,, —ES, - H, —ES,||c
| =0 (5.4.3)

IHrrl - ES:I[ HnZ - Ekgnz s Hnn - ESM ¢ _J:

LFH,; = Jsﬁ,-fx’.fé;-dr- Sy = J?&-sﬁjdf CATFIATRAE E N — oo 0 AR E.
(3) BIATFI R HIE

H,=H,=w=H,=a (5. 4.4)

H,l~ o Iﬁ}ﬂg% (5.4.5)
1. =

Si; E, } (5;"‘1-6)
=0, 17

{hﬁi.ﬁ%’?ljﬁﬁﬂ!*& H /J\ Eu’l%'ﬁ:/i" E; {Efﬁl'ﬁiﬁ%ﬁ)‘fﬁsﬁ £'m'7ﬁ] .
(4 B THUIE ¢ B HEER £, B HEG o 8575 B ¢ BBETE.
5) HHHE TS 8E.E4FHE.
® HHER p— FH/  TRFEEAN -~ BFE IETESE B o B FES Mk
Iz, B AT o AR 2R
o= D mck (5.4.7)

Ko UK & PRETH ..o A TFRE 0 PE METFTRENES RS
& SR P, —RT R v BREYIREE

P, = Z?ufhfk; {5.4.8)
® BWHr P 8RR R R K
Ff:Fmax_EPij (5-4—.9)

Frow BRI T  @RENFRAE AEY VI IRATHL LAENZRFERESF
.. CH,
B O,
BHPOEEFMEAR S CREFERN «~ SBEK LMY V3 (LIEs.15). EP.-;- AT
AP HAR T )« FER 2 0.
® SrFE RIS T HMO SR B M a8 o BR P, HHI F. 8RE—K
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5.4 PRULIFR ST BB (HMO 3%)

TTEME L8R .
(6) ﬁﬁrﬁ*f%ﬂ‘rﬁ%?mﬁﬁ F 3 B 48 g5 R LA .

5.4.2 TmﬁﬂﬁM0$ﬂﬁ 'ﬁg f%; e  g%j?f S
T4« H(‘—CHJ«—CHTCH VAT FELE
¢ = c$ + b + cf f;ﬁﬁ;
AP gt g RBEMBEHEM L P CEFTE . Biillscrcncve B EDSY BB L TH
crocprey Mo, MERMAHFTERXFHG 4 O~ G L6k, 8

ra — K B 0 0 oyl
l
B a — K 0 e _
g '=10 (5. 4.10)
0 i@ & — E fj’ ol
0 0 g a-— £) e
—E .
mﬁ%%mﬁ%r=£§nﬁAGAﬂmﬂﬂﬁ
z 10 0y (e
1 x 1 0|l|e)
=0 (5.4.11)
0 1 = 1 ey
0 0 1 x)le }

BT ZHa FRAGSHEF LR .oo=Fcheo=de. Mo =cpe—c; BG4 1DRTAS
REF{LE N

xey, + &, = 0 {5.4.12)
o+ + 1k, =0 (5.4.13)
mkﬁiﬁﬁﬁﬂi‘ J 0 BE1E o= — 1. 62 30 0. 62,
i{l C1= 7 Uyalg— "~ g {_3 4 ll)itﬁfﬁﬂ:‘i‘tfﬁﬂﬂ
e+, =0 (5.4.14)
¢, +{x— L. =0 (5. 4.15)

W EPA KRBT R ; ( 1_1)‘=0,W%x:1.52 #-—0. 62.
HRBRNEAS o EaHRME G 412~ (5. 4. 15)R H, FL N — 1L & m
i+t +rd=1 (5. 4.16)
TN > BRI SHEENMN T FRERSEYER. #lil.co =cco=csrzc=—1. 62,
#
— 1.62c, + ¢, =0 (5.4.17)

2c1 + 2c5 =1 (5. 4.18)
AR 18 o =0 =0. 372.c.=¢,= 0. 602.

Al E=a—fz 4 AR 2 HEFIBR A0 ¢ T FRUE BRI 05 Fiag
;555 S P
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Bk ZRETHTRHLERE

AFTHBRER TTFHIEW R

N Fi=at1, 623 g0, 372h 0. 6024: ¢ 0. 5024+ 0. 3724,
E.=a+ 0. 627 =10 6074+ (0. 3724, — 0. 3724; — 0. 6024,
E o 0.628 o 0. 6024, -0.3728; 0. 372841 0. 6024,
F,=a—1,623 J go=10. 3784, — 0, 6024, 0, 6024.—0. 3724,

‘ P1% 2 M RIAM M E<E,<E.<E RELRGR.VNET _HER BNl xBEEMH
KRB R I 5. 41 BR. B R & p B KA R E R o W AEL (B R J R &
BT HUE ¢ £ THIEH R H -

dr g g 3 3 ——  k=-Lo2f

&, g g 8 — E=-0628
— a=dq

&, g g 3 AL E=0628

(= e ° O, _LL E =1.628
¢ O O O © b

541 TOEBBE RS TRERESE

HAEBLT OB A M B FHRAEG e L RESI D THEPETRENEASR
B W REEEE BRMARNERE GG A DKATERERETH - B FHI9N
00 G A ORTERERETHMEN: P=Py=0.896, Py=0. 448.
BT B A M B R

I
I

1.732 - {. 896 = (. 838
1.

F, =F,
F,=F, 732 — 0. 896 — 0.448 = 0. 388

f
I

LT W FEN
0.836 0.388 0.388 0836

[0. 0.44% I 0.896 l
H,C 896 lH CH CH,

L.00 1.60 1.00 1.00

FARFHMO R BB ER . SLERBERLERFS. TEMAILASHEET .
(1) BEATRRAERNEE T mHK
H,C—CH,—HC=CH, + H,— H;C—CH,—CH,—CH, AH =— 126.8k] - mol '
H,C—CH—CH=CH, + 2H,— H,C—CH,—CH,—CH, AH =— 236.8k] - mol"!
TIHRMH RN TRABRHENERNTTRNH, EATRAKOEEN 2 & SR T
B B HTEA M g, FBEBRE e MABMEFET P p WFEHR . Ra=0,
WAPGHE R TREER R
E. = 2(a+ 1.628) + 2(a + 0. 628) = da + 4. 488 =+ 4. 487
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504 WRFA T HERK HMO )

TP AR THREN A FTUT ZREEER ILRam - TR UREREM 0. 485,
—ZEMN O E .
(2) TZH/AHW. AT
L& Cin
Cau_Co /i‘ —[‘\'
Jw_ﬁ-ﬂ R (-U‘/ \Cm
W Co MO ZRIF—ENERT ATEMBREE . F=0. 48 BERIES . REENH
TiE ¥ .
(3) TR RKPNELREHN
C,, B 1468¢ libae
BHH Co M Cp Z B R B K (133 pm) BERE . Co M CopZ @ WA R RE K
(154 pm) B4, 8 K A0 19 514k ] MR 20 B i R AR
4y TTHRESH 1.4 MARLER A E. flin

_ ZnCl, _
H,C==CH—CH—CH, +Br2%w» BrH,C—CH—CH—CH,Br

700
XA A B BT B R

5.4.3 ﬂ##&ﬁﬁﬁﬁﬁmogﬁﬂ o o P %
1. SEBERRAFESH
FIHMO Bt BB R AEERLF CHL AR -BFHEHNER. RS TH B M
B A R R F AR AR A A —F B R B S WA HAMT AR B, TREF AR F
PUBRERE, WA 5. 4. 2 BTR.

f ¥

—a— 24 _ —_ —_

M8y
T | A R AT

[C;H] CH CH, CsHs  CHe,  C.Hf  CuH,
2 2 4 6 6 6 [8]

Ms542 ERAREERSTFHEREE

HEA R, X n=tdm~+20n AEFOR ERARENEFBARLT RBNELSH MR
BEH~RER HN.m=0 NARBEEE T (CHy )im=1 8% CH,.C;Hy %, nLn
CH:N gy CHNH @32 6 > o B FHR. EIIRE--F.6 MEFEHELRRYE L,
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#® Jﬁ %JF?%%“‘FEME f‘fﬂ

FRAEA dm-+2 4 2 B P AR LR RS RENEW JUET &, LI on+2 SN,

Mon=dam i 00 CHCoHy SRR AR BUEFE W B T4 2R — 3 ZE A A IR SHE .
ARG 1T B F AER EERAREMHEL. A REFFN CGH 4T AR T I
.

2. NEERETE
S H A9 25 SR DT AR T H HMO R ab B Bidn, i HMO 3 86 8wy 45 (CLHO) %

(C.HOR 2 FIE 2 T8 5. 4. 3.

543 ¥aHmbmsTH

WAE Y B DR RS TR A TP &M CRTFHLARMEARAR, B
#r A e f2 89 B B A 0,452, 8 fir o 0. 404, BRI F 89 B 4T 0. 104 I BIFE S i LT
LR I o BE IR R B R AR RN SRR 3R A T ) 88K (pmo ) BOHE LR B

1421 1361

A R R SRR AT H R, B SR, B S R R M S A — B

HUHMO 3 TR &4 Frommes R4 SR . K EREAT, LR E Eak, f
Mg i rE RE =3.54X10 "C-m REBFTHEBEMEABY. HASBYNERE
i B ERRhE R FEELR TERARRNSY 6 A BT, W
Am+2 B,

| 2

%t F ©© AF BB TRE . TR 12,88 k2 RN 2
BT A ATERRA N 6 AT S dm2 J, BFEI B N EFE A C—C #a
. SRS C—C, | C—C, 808K A1 SRR, 355 o 6] 00 ST R BB 4.

5.5 B SRk ERR

5.5.1 lﬁwiﬂﬁﬁﬁ&%ﬁwé - ijﬁ

M AR @.?‘Z‘Fﬁﬁﬂ:ﬁ’\ﬁ?ﬁﬁﬁﬁi ﬁﬁ%&#ﬂﬂﬁi%ﬁ?%"ﬁ?%ﬁ?”
Repizagiit XFHEENIRTERN « RAF BRI ~ 8. R B« B k2 S
AHE R R EHE RO -0 E T AN — Rk AR EWE T &4,

(1) T F 360 8 AR F A E— A AR A p 308 A E R d 9.
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5.5 B BRI Be RO

(2) m g FRANTRINRBHSER M .
FERASYURAEHAGRFAERE n 8. B o BT ) KR HETE.» KA
T THABEE &7 TMETERES » BEH.

@ 022220 NS NEEE0
e

) Myt , T ny M
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.0 0 N . I.
R N |
N\ o - R N Y
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L s

fUE LR T RN R ITR R L RGeS AR AW L XD FHEA —E R

AT B AT AR 4 B B B R LA B TR SR T 4 | R

B PG L, B8 F ( HOOC-—COOHR iy C—C #%5% K. 268 2E BN, 47,8
HRAMOBREETHAR WERAEE « BOF R4, B EQR . ABEEETNEE.
HIEHEZ B—N BMRAEAEHEEF SR 2P TH, FREFE R 4140k] « mol” LK
HEE~SHH EEESFPR . ETHIEELE . DBRE--FRIETEER.

WG TFHERBTE 2 MRS M ERIRGH IR B FTHRHEHSEREREG XY
it M B B ek R R,

[5)5.5.1) %.8F. S /LBMHEmR

TERER AR HRMMEBES RS RR.
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- O Q
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O 0 ( o~
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5.5 E# @A ERA

H[)@\ OH HO
c\ +NaOH C=C>=O
: | 0
ﬁ: /
5)

COONa
(Ef) #IE)

3. Bt
AR BEM AR DM RBRERE BEERYE. XENSEE BT RS EA X,
AWmAEREEE H G .BER

e
— i w Oyt
N

P L EEREA. MARMEREPRCENE c BEA:
/Q

@zi’mg (z}) f  R—C» (m%)
\T\"H,
ARk

ENIASER R &% H R —NHy B2 JH e CRE 8 —NH, B H 3 R R 3
MR M N EF BRI R FEE S I R iR~ 8.

4, LERBEY

A HNEENERERANEWELEZTE LR ER CREAFIEELRNRY
W2 — HEEEGYOFEL TSN EENREN T TR 1, 4- I m L R A R B
r BRA . AN RN

H.C=CH—CH==0

B fitREtEE il HC—CH—Cl L3 ol C-Cl BeE.ClME%RET
T R B T

— T EHERHNEES S -EEENRER S RE—0 T K& A B R O K. 45
DR BHTYHR . BATNEER S THSERWKY K, 2/ TEERSTFHELE
MARBERMEAS TSR EEERERXAST. TARS KR,

R, O R. O R, O R,
[

I N | |
H.N—CH—C- OH + H—NH—CH—C— OH — H;N—CH—C—NH—CH—COOH + H,0

PR R ERASFF C—N @AM C=0 8P B FERKEE n 8. Eiay,
C=0 sy BB THN FT LRGSR T - BRFEEREE @< F C—N AEAEN
WS BRBEEGEFH 132pm) CN MABREFLVE, WERFEWRTOREE B b ik,
mE 5.5, 1 s,
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551 RELEHTER
(o) BhE B HESE . (L) BRE o HHhEEnT S

TERREE ML LA P80 55 1 T B L BB A FR P AL 0U4S F 52 4 1) R

ss4 EEwm&m . 00 R R R TR
: E B I B
MRt C—H FoRPENMMHSETH B EXHGHETHEM T KXo

R () 1 B T BB B 7 A o S

i HC—CH=CH, 7P, cBEFE - BRFRIMHIAEHFEHEREBTET .
—CH, T8 CIEFREsp’ £, 2f —CH=CH, HiE . X4 FHEES WS,
—CH, H2PTHEFAONE ELNEFEFE. R FRERS, —CH, M¢ #7¢
L Ce=C g n F ' MO SHME 5.5 2 R, XA —CH, o #iES C=C &) n ¥ 1%
R AN BT ¢ MNxPUEHFTEHG T OREEERORE W o Al = 7T LU R B HEEM,
A0 n R BT AR BMRREE AT 7 THGEH, & 5. 5. 2 M () s, s g 4
PRSI X -BER C—C RRBREE BN C=C NBBRKIB MK,

=)
—Cil, yr ° - () ()
C1)- B c=c
SI©

H Q¢
Cem, v, NG 4 e

cE@)e
{a}
e o ° ° ( \L}—- C=C =n*
/
O T il
(b) (©

Bs 52 CH,CH=—CH, #FHH#EtENH

TSI ANEAHBAAEREEZERNCCERBYBR(ERMENTHE RREGTE
8.

kg —CH, I CRFHFBERSE S  ZEATRETHRAMKBE T
HARE YT FRIFAEANRETEEA —EM, BN MetdE. RETE, NE
BEEEOT:

Clsp®e — Clsp - 2.27 % 10 ¥ Cem (0, 8810
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5.6 4y 3H BN BRI AL R B2

Clsp™la —C(sp)em .84} 107 Cem (115D
Clsp®ram —C(sp)s .94 X 107 Cm (1, 48D)

£551 EFRBESLawH REFHRAERKLE C—C BB

i CRTFHREER C—C #{/pm C—C i/ k]+mol Y
N B
—C—C— sptosp® 154 346.3
e ™

e . i

e T sp° —spt 151 ) 307.6
y ;

~ i

A = spf—sp 146 3825
™ .

c—C sp?--sp? 146 383. 2
7 S
~ .

C—(== s sp 144 : 403. 7
p
=( -{= sp--sp ' 137 . 433.5

AR YL RORT 0 BUR S F RO R R B0, B T AR SR B B . B R R R A g D i Ay
LA T 18 8 nm Fl 16 nm,

5.6 4 THLIBE BRI N HLE

GBI E R T ESEERAT NN AR A R ENER. &
ST B S R R L, F B AT R - f%ﬂimur%ﬁzﬁ@wﬁwoodwqrd@ﬁfa,
0O M Hoffmann (B X SR H M40 THEM BB A X LB U KR LR, Es
FROEX BR8] TR TR R SRR R, AT R R LB R B B T
R A B OGS+ TR, ST B B R S b R i F MR ET. e ASE
$ 51 3 UM B f) =

5.6.1 BELEEEN-— EEEUAE e
BB

RERBATFEMHAFE: O ﬁ?ﬁl.&‘ﬁb%ﬁf‘ﬁﬁ*ﬁﬁ&*ﬂ B B i R o T
P X R GD ARSI BPRERE a FREHE, BB —RM8E
A7 4k S B DR R A 1k B (8 7R W 4 T AR L T HLF e A A R T o b TR
BILEE Y.

Tl 2 12 7 B P BE A0 PR o (L2 SR L B RE YA 2 S5 PR R B O (3] AT, B 3 12
FOABIFERES. LEFNER KD THEERDENBETIIE.

EFERENHERE TEARA R ELRES, REASHAT, ) B EE; &R,
B 0d 2 5 AT » SR B AR AE BN B, 35 TE BB R 4 TR A U 300 A A R BT R, L8
[]-— 35 f 4 - Ik B A8 00 T 3 SR .

o 57 BB R BRI R AL 2 R B A AR DRI () 1 R S VR S B ) L
TREHCTRED RS FABE  — B TREHR T HET. R v, Mk S
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BoE ERTHTPMLER

TR EMED SEFREX. RNYEZ R TR L. HEA A9 R ek E A4 R
AR B, s B U 18 RN A T L B R R AR A L L NG AL N T d
BB H, @9 R BBUENFRERE NIRRT & HUE L&9s T H, REJUEE® .8 H, AaL
*’“‘%E&ﬁ%%%%‘?ﬂ‘ ’EEEE&H‘]‘%E Ni E%LH‘}%& H JF? ﬁﬁuﬁﬁf@f‘uﬂf

A ﬁ*fﬁﬁ;}%ﬁnﬁﬁﬁ% }ﬁﬂﬁﬂ‘-ﬁrﬁ.

SFPE—-RINERAERSHAN N4 FHE A FARETHEEREKNY 2. O
HE F 09 B B B BUE BCR B & 48 88 (Highest Occupied Motecular Orbital, HOMO), fig
B EAMNESHEAFR RS HME (Lowest Unoccupied Molecular Orbital, LUMO), 33 Ho%h 55
ML HE. WENERR AN RNREFRI AT ERE TR NERFRYE. XRE
BLHE .

(DS FEREIBT A FHEREHEER RCEEHBREITRYE. SRMWH
AT U AR, — 5 F R 8 HOMO % — 49 FH 8 LUMO $20 3 FRdE & & . 3%
MEFLSEEN.ALHAEMHFRETEE RERMTERERFELERKORE. R
X A AR S,

(2) HIEEAKN HOMO i LUMO G888 0 MBI (2 6eV LD,

(3) B EF T FH HOMO 5 LUMO R4 &0, 8 F BN — 4 78 HOMO £587

— A5 LUMOL TR B8 5 1o A R X A B s TR R B IR S ) ) 58
M—BGAREELFE.

T EJLT 0D R AT REE R A W R

[#5.6.1] N,+0, == 2NO

N, 1B B 20, (HOMO)F 1, (LUMOD. O, MATLYUE % o, BB E HOMO 12
LUMO. }ix 4 4 F 836, 5] BE S ML P &L

(V) N, B 20, #1 O, ) n 8E, A HRIEARE, ABEFASNARER . ERNTER
ATEGERE B TR N, B HOMO 8% E O, B LUMO, R A8E# 4T WA 5.6.1(a) T,

Q—_O N; ¢ LUMO
a0

i1 HOMO
27,

Bsel N;JO WMESEHEITER

(2) N, i LUMO (1 o> 1 O; 8 HOMO (g, ) % R AL UG B &Y, B 8K B8 R I 347 L T8 M
R EREROE R RERME N HB. L0, NEFUERESEE ERB0, 2 THEAN
o5 18 0 B Rt R A AT 4N 5. 6. 1(h) FTm.
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5.6 A FHIERNSH R AILE

N;+0, == 2NO p i i it fm & T &5, 6. 2 i
. B N.+0, —= 2NO R BT .50 ~
ik 389kJ - mol L ARBHMORA MR KR §
WHRMEHT BINO 3 FAEMEAN. MO, &
INO — N, + O, 8 200y
AH =— 180 k] + mol™! =
R—aRE N EBEEAEN. N IERER B
M mEARAFEHRREEN TR AR RN o N2+0:
KO TE AL BB TR 5 35 209K) « mol ™!, SEBR RN A B Bt
T PTEA N, f1 O, R AR NO, Y NO —8
ERAARGEHE.NO EXERAPHIEEFTER
G- EAERRTRBRFFTERE HRBE KT . BMESSPM O, KH A NO,,NO,
A FIAKES AN ERRE, FRESRE. T EHSEWELN, f NO 8k N, 31 0,,
i i ¥ W 0] L
[ 5.6.2] 2SR
CH,+ H,—~—>CH, AH =— 1373k} -mol™
M EHEE, RN EYESHT, B XN EE#EN. X RS
A E RS AT NT % CH, 4 T8 HOMO #1 H, 4+ 18 LUMO iR , {f 3 Biéd

Amar; s CH, 44 7% LUMO R H; 4 F 8 HOMO 335, I8 Ie XHRR ¥t A L B, T B
3. 6. 3(a) B () From.

g2

g B
399 ——=]

INO

2
pou—i 80——-|<——-209——4"-|

¥

B562 N1, — INOWKEETE

(a) (b}
Bs563 ZENERRE

RAf#iaeEdn. AnfHcBRESLRN S H WREREF N BEFH dQES MmN
Wt dHERERTFSHRF. BMCH H LUMO 448 ,CH, A Fin H, EW A #47,. A
5. 6. 3(c) FFoR.

LR 5. 6.31 T 48 24835 I A RR 2R O %8 M BB
HC~—CH
A A ™
H,C—~CH-—CH=CH;, + H,C=CH, —» Hzc\ /CHZ
H,C—CH,
BN IR EPBEHETT A E A BT L BLIE X PR e U B . AN 5. 6. 4 BFAR.
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BEePE AT EREFREAAERG S TET BHEA TRBAMAN . LFEMEH
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BaTH MO ERITESE~RTE 6.5. 4(b). Mn CH, MN(C0),
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e NBRERAT 18 BT MG Rk, B G5. 7. DAFG. 5. DS H TR HE—
n THEERE T T EELRRETERNESCY B TR
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A7 B EUE » AR VEMHREAEEE. 51 CHEARE 14 RuCO), BB,
@Usm%mﬁw‘r@-?&% 4LRu(CO), AW TETHOMHB T8I 1,

C(BHMRuCOY " 1) g HEL (BHD] £ 10D &G 5. 2R THE s WEHAEAT. JHEAK
B EBFEREERA . ENMS FETROILMATIGER, E 6. 5.5 BiAR.
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ll 11 1n

Be6.55 (BH)Y MRu(CO)) EXMERBENIERNEMEN
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661 RT HMTREMITHFERAMELE

T

B | TRT e | BET o] HHT et
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OO R 12,2 Cu* — 188 N~ 163 R - 18
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5 - 188 Fetr —161 C,0% ~314
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TP A A R 6. 6.1 BT R AL & W A BE IR I RERE 1k 2.
[# 6.5.11 C.H:Br
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1 B AR B W SEME — 670 X107 m® » mol ™ fiE.
210
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[# 6 6.21 Mn(CH,COCHCOCH,),
X IMo(CH,COCHCOCH 3, ]
=Xuo" T 13X -+ 21Xy - BXom,
={— 126 — 15 X 75,4 — 21 X 36.8 — 6 X 21.6) X 10 “m* + mol ™
= — 2160 X 107°*m® » mol !
PR v AL S Y T RE BRI TR MR R R v, MR

o #’.’!E"\"rr\p‘?
Xp = _S'ﬁ_ (6.6.2)

AP o WESFESFE NN Avogadro HE .2 F Bolizmann B, i FIRRS BEANE RS
MRS BT T A E R BT DURBE kR v SRR x, SRR
Xy Z 3P

Xp = X, — X4 (6.6.3)
MM KRG 1 VS R RS A A R A T RE 6. 6.1 1 EH
B R RERE LT X BETT DR AGIZ R MR w A B PR N SR ). 8 2. Nak
HEHRAARAG. 6. 02 BB LB /KRBT 8 N8, 8

== 7,387 % 10 2 /i TA - m?

= 7.397 x 107" /%, TA + m#/9. 274 X 10 %(A - m*/ 3.

= 797.7 v 4T, (6.6. 4
3T AR EOE AT RUR T (R &9 BESE B OR %t B T Bk X et
p=2 VSE+ 18 = /nln + DB, (6.6.5)

KPRF 2R THARRTFIRG 2.1~ 2. 10X T AR O FH .8 THESTFH
S=n/2 RWEL N2 NFHHFASHOME REMETENSEE T ARA. S, %
¥ 43295 Ko Mn(CH,COCHCOCH )3 B x,. 7 1. 348X 107" m’ « mol *,f1 6. 6.1 AT
TIMERETL T ¥, 5 —0.022X10 "m® » mol TR 6. 6. 2).

XYp=1[1.348 — (— 0.022)] X 107" m +mol ' = 1.370 X 10 " m* +» mol™'

p=T97.7 V295 X 1,370 X 10" 8. = 5.07 3.
ALB AT A AR T Mo T D FRERES,H 4 DA BT X G 6. 0)RE
p= VA(4+2)B.=4.90 3.
Ll Lﬁﬁﬂ%#%ﬁ‘q‘xﬁ"

6» 6. 2 mm #w S i B » - ] é& o ' ‘&
B A TR S P

thﬁﬁﬁm%ﬁfﬁﬂ%*ﬁcﬂ%?ﬁ@%ﬁ A& . ﬁ{EEﬁIﬁﬁﬁﬁ%?ﬁﬁﬁ¥%ﬂﬁﬁ
PR BAT -~ R B 8 URRCh B T B LR (EPROBE F B B3k #8 (ESR).
F22WPE B R THAERE « AEEF NS E wh:
o, =— gm, J, (8. 6.8)
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i 2 B 7 4R B B
o 244 4 T A PR BT B A RSN R A
R, 7R LA 0 R AE A L B 72 R .
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BERRLE I B A SRS EK AR B2 AE=,
W1FE 6. 6.3 R REBEALBRAE M0 B0 Ao, = £ 1,7 LU
RESCHR R AT MR B KRR

N hv = gB.B (6.6.9)
B Mtk B=0.24T . X F =2 M5, Mgt
Mo63 BIENEE LT E SR
EREEIEE R DRGSR y=9, 527 X 10° Hz

BTEAFRLHMER. FUEETLT B BF 1M
By A L BB TR R AR Ay, T EEFT IR WCERTE. B R A RE AR LR SR B ATEE v,
MY B TR AE=hy B &
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Wl 3 B 3 0 B G 3 3 R R O T AOURE R ) R P R U A T RO R B R A A B R B
HirREB X, AFXABRHEESRENEH. EX IR RIS HBLLEeD FilghE
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HAC I 0 B8 T3 M A R ML T B ED A R BUE B LB S A i B S MR XX, T Hh

212



6.6 1FR AR B IR

LR RARE MEEREAWNE-TEARENEAERG, THLAE S A0 A EEK
BRI E A TR R R AR
(2) 058 F A 4T R F B AL R B FO3F 8
iR A mE(LE TR, B RIEERER, R REMEF
H\___(,H ZIRB LT ERTENEEEWER BAEESD E(—1/20H
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LR b,z HeTiRe 6. HXB LW ELEHREHE REHEE A KRG8 g
HEIHFAHRERETR S AABTHR L WAETH J #TIHHE:

_ SSE+ D+ JJ+1) — LIIL+ 1)

Mt RAEEREY . RREMHHER.S NMdETREEH. S T 1 fl 2 T el X
B .oy PUE EMARMBEF. UE LW MNP RO FHASNPEHEEREA AR
(L=0). A ;B LRt T . BERES 4.4 MEKAKERH 4.4 FHAER
HAFRLIEFLT BB FORBREF . BAENZE s.p R F R Bl ks B,
Mg R TR IHEMETFAL.

: . ST S A T T
663 GMXE IR I A

e S SO EETR - S % & . CEe s
HRb T, MEAKRE. HAKERARETH I ABERRE T8 » R %8

fiE £ h & AN (MO BE T T R
My= JIT+ 1 - (6. 6.11)

TRl e REG R VAN T F R T=1.2,3, s HEMBE T HE A EEH
B I=0:HRBAFENE.I VERR. BARASRE - W L8 Myl om, RE

M}Jr = M é_'l'_t (6- 6. 12)

(m, @R — I, — I+ 1,000 — 11D
WLEAT A ERF . REE v N ARASIR M HXRY

4
Hy= Exn Z?MN

P

= o | FTT D

! 47rmp,.
=gl I+ 1) (6. 6.13)

Hhom BENRE o RN s AT HAMEEWELERETA SRS EN oo . BEMNE
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BT BALSVESW MR

B bW BRI a2 T (MERHH FDNBRARE vl =pbl, KRFEL 0y B
B IRD. —EB W pl g BT HRHMBERS FE 6.6.2 .

M. 6.2 —ERFEHER

1T 74
# RAEE/ () I fﬁﬁ o NMR #%

v/MHz
'H 99. 9844 1/2 2. 79285 5. 5857 42.576
‘H 0, 0158 1 0. 85745 0. 857413 5. 563
o 1.108 1/2 0. 7023 1. 4046 10. 705
Lg 100 1/2 2. 62835 5. 2567 40. 034
anp 100 1/2 1. 1303 2.2610 17. 233
e 75. 4 3/2 0. 8218 0, 5478 4,171
| 24.6 3/2 0. 6841 0. 45361 3. 472

REFBABETH fv=eh/Umm,) , ER—IMYEEH . HEHENT.

_(1.68022X107* CYX (6. 626X 107" J-8) _ _ap L
Pu= 47(1. 8726 X 107" kg —o 0slelomr - (6-6.14)

AN B IMESH BEBEN A BNBMRER L RS w5 B HERRE =58
AR RER E.

E=—pBeosd
AFOR BR i WM. H4EGEHFEN:FH. LRXFABR

i

= — gnfon B (65.6.15)

NP RERT o, TREMEN T, L MBAF HI=1/2,m, 07— 1/2 #1 1/2. RS BES
BYEh AT8] e, {H6) B9 RBSR R PR 52 . 10 7 6. 6. 5 BRUR.

R REM B S EAEREN . TNEIE A EER

(B} B BR X - 7= A 38 R 538 L R O 4% B 3E 3R 3% (NMR ). BRF %

m;:—%

BN Amr= 41, T LUR IR BUE v % & ! 42,576 MHz
; S o - -
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MRS 1T ' H B SR 2
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6.626 % 1077 + 5 med

= 42.576 MHz
EAPRG T BRSNS % B T o, gy BOSS HEEREGS
NMR ST SHE 6. 6. 2. 1=0 F8B, BI0°C. 150 L WA TR B RXR
R, st A NMR 3% (Nuclear Magnetic Resonance Spectra). I=>1 9% 45 i (4% 45 , AL U A%
M NMR B ER AMA LR FEREOMY S U BYE RPN I=1/2 [
7 K AR R H f°C.
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6.6 MEMEEMRELE

FEHFRE NMR BBt R SRR o, E3 WA/ S B /D RBEERE
W AR R (6. 6. 16 )X MBR, WL BKIT. [ 6. 6.6 /A NMR UK BEREE, WHT
'H g NMR #% 60,100,200,300,500 F1 800 MHz S5 R &

SEsLE RMETR

L.

ﬁ?ﬁﬁ‘-sﬁ%ﬁfﬁﬁiﬂﬁﬁ1tf“+*ﬂ‘iﬁfﬁ¥ﬁﬁé}2’ﬁ7r] ' %?Hﬁﬁ%ﬁﬁ%ﬁ%ﬂﬁ%&%ﬁ?ﬁﬁ-

B HEME TR RRE —oB .o AR I WREEEY. AWM. RS TF R 6AMETHa
EHE L H TN HE A IR R4 IR TR (CH.CO P b7 2847 [ fr I 42 B8 RF»
4k E R ORTE A 3 FORE A o 8 CH,CH,OH s H 45 3 FORE A9 EREE . BTl H 3 MR E &
oL X B LS HPARFREN HE BRENARESE B TR
Bi=B(l—a,)
P L ERRNE, B AR RN GIRE R B EN B X F B EMEL AR, W
AR AT B EAR 6 E XN
5 Bs— B

(6.6.17)
AW Be F1 8 BRESLHEFE 74 NMR BRERE MRS RS HAEEY AR E
BELSICCH),  TMSLTMS R 2 BT HAFARMLERE, BRARBR—THT NMR
i S R LA -F 10° R T 68 6 BD—METFRIEBOBE. XM LR. 0 TLIRER

3§=§‘_"><106_~=”‘_”’><10‘ (6. 6.18)
]ﬂ'* 93

SREBRMN.E TR I10°BF UL R opmTA0 . A F 42 —).
SUCH), ME T, ZHEEE . RUBEFREIR R, J& X2 5EH YN EF R i
AT, - BMEEWHATHE S 7 0. 00ppm. HMHE FRIEBEREZEH .S HHIEH. LB

@ oppm RIHEE . RAEHSZ - REBRAG EAREE, AFSER. BT RETEARNE
R AR AU A ppm R LEL .
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WoE  RAL S Y E A i HI R

AR R RE A RT B 6 MELAKR, AT AU B NMR i & 4 16
Bt R B BB % 6. 6. 3 A T BEAP RN & HES/ppm).

F£6.6.3 HAFCHIALPEERS

1,2 b7 3./ppm E 12 B 8./ppm
(CHa) Si 0, 00 | CrHa (58 7.73
(CH,),C 0. 92 - {=CH 1.4~3.1
/
CH., C - 0, 8~1.8 | —~OH (&) 1.4~3.5
.
CH,- 00— 3. 24, 0 : - OH(f}) A~~10
~e- CHy €2 0.3~~2, 1 NH. 38R 1L1~1.8
v ™,
C.H (R B 0,22 —NH (FEM 3.4~4.3
™ |
C=CH— 4.6~7.0 J ~NH, (BtHE) 6. 0~6. 3
C.H (#) 7. 27 -CHO) R 0~10.5
-COOH 9, 7~15.3

ST ARFALEFRENRTHFEABRR, BB MM aR e S 5K FiRD
R MG FHEW LENRBREZ THEHEENEM.

(1) #Z5hFa9

— N EEFZAANHARBEST L E BB, — R8RS T = FE K,
BEafERSRE . BEE/N FEEANBESHNSRTEFaM A mMEmALEAERE. Al o
VEFEARNOSEF A THESYEFERTHAENRTFIES . BREAHRSS, 0 {5H
KB GHERROETFHENR 7.0 Hl K%

(2) BB % o) B R

FEBPKN - BETERTE  BEAEBRAET @Y B H « fFAEBS
Hliash LR St BB THIDO SRN B (HWH LNBMERTON KR
AT 6.6.7 4.

CESNCONCONG OFF

(a) X (b) & () 2.9% (d) 24k

M667 ETFFFHNBRERERE

A 6. 6. 7@, YHEF VRS HEEN B UCERTH o 8 FEM TR
Mizsh = MRS AR ESHE A ERBE - FAMMREERE. A REE
(K BB BTSN B 2 R BORN AL B3 K . 0 1K 6~ 9 ppm. SR EASES
T M B 2 B | 5 R W2 B R BT AT I A F SR FE (b o BREUDUE ) i T IR A
RNV e 47  BERERE PR T B 7 2 B BB » IR B 4R B oL B MK R R R A 5 B B
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6.6 PEMEERELERE

BRI 6 AL 0. 6~10ppm. OWMBERTUSERER FILRERTRERA A,
ik A 5~Bppm. (P BB ENEFH TR HAEEBEERMH « BETE2EER ,« BFH
Wi s BT SR ) R B A R TR IEFEBN AT ECM g m s mds, o EHh 2~3
ppm.

(3) FEMBN MR

R MR SR SR MRS RSB TEMZ . BN LR A
. R AR Ol KL pom B LS AT (UKD — AR LR
ST 0.

665 WOARBEMSER: o . . 7 oy i&‘

NMR #H THAEBRY B - Elﬁﬁﬁ‘&f’rﬁﬁ ’ﬁ:ﬁ%ﬂzhﬁﬁ:&&ﬁfﬁﬁﬁ%" Eﬁﬁﬁ%%%ﬁ
A NMR EE MM NMR EREEEZNEE . UEDBAMFRSHE 81 TA0M
B E BREAE X MRS RO R el L B R A AR R B RE b AT BE R A OB S R A
NMR &M MBXAEN KNS J FR ERE TR 8B -3 0 I T B H B 5 0 4
H. o FHRB L MREEIBOE T HEERT 28, — S REBEENEF-ETHH
(Bp6 H2) I F -

H H
R [
C —20~8§ ==~ 12~19
FARN !
H
e (n 8§, 5~7.5
i . Uyﬁ"“‘g
HH m,0. 5~4
—C'=$— 7~10 £.0.5~2.5
H H

Li CH,CH,OH ®/#,CH, F5 OH E-FH#H% 4 T8, A% BRRAZERAA LI Z®%. CH;
¥ 5 CH, i+ R48M 3 M2 AE/EAARREZ 8 CH, ff CH, 882 4 5+ 3¢, T CH, 2 A P38
SR FHEENMAE-BENEABEFRXEAN AT ALER. BN - FH 1/2#
— 1/ 3 P Sk AR BRI X R T A AR LCH, MBS T & 4 Rha) 88

't 4y vt +
(a) (k) tch (>
MPFCH: TR TARERAATHN, MM OMNEESRERTEIN.GOF L, (R
1 ARG (@M AE G 25% ., (BRI ()35 300, (b)F{e) A CH, R F %7 3 Rt
B i O A (D MR SRS RX D B CH, T CH, ) NMR SRl = ER. =&
AARET CH, ICH, RTF2ZRIBMEERJ SRENBEHE A1+ 2
CH; & CH, e R T. CH, i T AN & Mol gk ¥

L R t vt +t 4
{ay (b (e (d>
by + A v ¥t v
(e (H (g) th)
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BoE WALEVRHEMER

RED OO EHRH L AREE T (o) (D (W HFE. Bt CH, BF{§ CH, Bk
W4 B ELE, ML 3:3: 1.CH, 75 OH FFHM 3 -8, % &3 OH
¥ CH, B9, #f# H.O sl OH (m#Ek 8 H,O)RE{E ¥ 2, 8 4 7 2 (6] OH fi -7 4% B i 4
B XHEREBMERT CH, BT OH R F 2 R0 555 MM S ER L8 CH, iR mEs,
OH FHTHEEX.

EHEZBPARA 4 FiA] OH FF 448 ,0H — CH,
HFHFFPEES A My 1 CH, BELRM S~
Feik LI B ,CH, 34 8 &R ; fi OH MRIL
iy CH, TR R =F& W 6. 6. 8™k | _
Al Z R R A R A IR 1S —CH:—

E A I TR TR RS B B A T R hh Jm‘
FIRFARAKRIEE BN A RS FREALL, T [T T
MBREFGTFHRHL BETHRETRN, TREX
FEFHAELER REFRENBEULASYHREH @8 BHZHHMIRBRARY
R A A (100 MHz)

BH b, UC By NMR (S Z BRI AR MIERET X TAILES BR"MER. “C
FERRREE LG 14 0®REC NMR fIRILE SRS, B IrE - REFBEA#X
A IR AR A A LR R R R R et B (B 2 ). R —Rr s R R ol A i g
ACE « Ty XA FEAR A — ST B 5. 0 A —HA S . 2h 3K 5 558 5 dkorb (1 pes 35
LVRW) B SRS R E S B MR B RERNFEERE RS LE ERB
] o B Y- S TR BE R DR A RIS AR E S AT BN F « T BV a] g 805 # 4 S0 R
PRI B OARG A K v B 55 R R0 — R EH EC NMR . AHL4FPREFARDC
RS &C ZRABE  HMEVC MR RS BEY AR . FERR
BLPC F - T NMR R —fhiR 45 AR A

CHEMARCD NMREESESZFEHRBAENA. EATEERS FE'H NMR i L,
TR R — NN ERE L L A R EB SRR, 2D NMR 3l AR —1
MARER, MHEREEMEFEL AR LN FRTHE - FEL. SRR mme
FEOPEFEREFNALRL . EEHRARSTRER. BN EZBEILERIS R
FHA SR ESNEE. TR T LERE . FAREE VRBE P X ST
5.

]

3 L
6.1 EHTHARSYFEEUERREPCERETFHRTHRE ARPLETRENTEFLK.
(&) (7]—(151_1».)2};‘(" Lb) I\](CN)E_ (C) K[PtCl; - CgH,*j * HQO (d)[CO(En)zC12]+
6.2 HHTIHERESGHIEREFHRLE.

G} THCH L UhY AgONH T (e) CrdCH Y (CO), (d)[Colen),CL, T+
6.3 HWTFHECBFERERYTEAR SRR EH 48 FHA N HE LFSE(H 4 £5).
() MnHADY by Fe(CNY3™ () FeFi-

6.4 WA Co(NHOY AW TR THERSE. BHECE TERMEE FHRT. FFERR
Evrth o WUE (i E-
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3 &

6.5 B Co(NHDI™ 8 A % 23000em™ ', P X 22000 cm™ 3 Fe (HO¥™ B9 A, % 13700cem ™. P
30000em LR XA T d B FHER.

6.6 BERTAKEE S NEEB AR Mo RQE, M A &R 6 8 O HHigE.

6.7 BEAFTZKEH I HRCCANERLEL.

6.8 TEEBEBTHEWREEFIIRUANTEE.

(a) [Colen},CL]? (b [Coten), (NH,)CI? (e} [Colen) (WH,»,Cl]*

6.9 WHECU MENALSYAFHNFELSH . AE H Cu' # d JUBEREH 6 LT HE.

6.10 FRAMMBHES BT A B TS BOR B T 5.

(a) Mn(Q)}™ (b} PA(CN)}~ {c) NiIt- (d) Ru(NHH{*

() MoCl}™ () 1eClE- (g) AuCl.

6. 11 S8 B4 ColCHs ), 8.8 8464 CotCHE,

6.12 F3 Jahn-Teller 8 F7 K8 T 3 BC A7 B 7 S Bl 2 4 4 I 2,

(a) NiCcH, O (by CuCli™ (&) CuCli™ (d) TitH.003"

(e} Cr(H,0* (f) MnCl{~

6.13 {ERAHIPCLCHI "B FF PO ACH, BRI MEENHER(EHLAT AT . BA
o @BRE FrRAFER . FHRE%.

(a) PO R CoH, (AT 8- —SRBORE A 2w

by [PICLIC.HY " BREN & BB THAR BRARM.

6. 14 EUHTIGTREHRN EHFE 18 HLFHAN.

(2} Vo 0CO) by Ni, (CO(CH, ), (8 il #HH

() Cro (GO TCH, D, (d) [CpaMoy (CO Y (pa-S) 5

(e) THRe; (COY " (4 2 ) Re -Re Hif,1 D Re—Re TWH#D

615 R TERAPEMACCLEE) RAETARLCE. KAENGEICHEBELRE.

6. 16 REANKFRBETERDARO, A FEFEEMRNIEEZEAATESH X488 TF
AGEHEEASEE FRERRBATNEA SBAGRSEN . IBREAL8A. ARG BEZ LT
B RS NALO, RITHARH SN,

617 F¥EABMETIHRASYN I dRTAE BRLTHEE, B ASHEESRES Y EE
. R AR R CoFim . Co(NHa )™ BL R Ca (CNDY ¢ = o 38 9 31 B . 34000 cm ™', 13000 em ™" #0
23000 em .

6.18 B Z A FENRESY MAR: 12L&,

6.19 BLHWMEIEEREY Fe (CON(CON WML HEERTERA I8 T HNL M REMa
MR A B A Y 1850~ 2125 e ™ T BRHF IR B M IRED M FE 0 1700~ 1860cm IR BB A,

6.20 Z“HZESHBAMHILMRWE, — MBI, —FEA . BHINEMEA. MAAR - FH M
0 24 L T S A IR T B A A A

(a) BHIAsA M E M s mL,

) FH L - ZE/EBRTH BB 2 A NH, SRt WERA AZHNICE Y. 4 TRk
SWLEYPRTFHEEREN:

() FRNL-ZHEFTH _FERURMERGBUGH D NH, 5HES WEStated B
HEMA BEeNE L - BB

6.21 HREHWER SWAEI AgNO; 8 AgCIO, FMENW . THRIZRAMB R, F- F BTG
TEESR AR T Oy 5B R U BT IR R A R R

6.22 0 E S £ S BB A F O L] 19 AR AL B IR CO M Dl B R TR A T B
B TRV TS e LIS M AT BB RO A CO. MR L2 3 b T R 1 98 QO 08 IR 790 9 1 6 RO
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R RSP aETw R

6.23 BEEAEEZEERE NCE - M. NCONY HRETE . SN E TR L R R
6. 24 HES 6 IREHHE CH.COC! (i RITEEA R TR EH 979 X107 m’ » mol 7' IE

5.

6.25 AHAXG 6 FEHECH OHMBEREBEAE SEMEBELEN--348X10" """ » mel ',
B R - 88610 Y m? « mol ™ TR £
6.26 EMTFHLSYERAFHEEHE UKL aES ARMSE FRCGEENTEERNEADE

x4 f E #Y BTAR.
(2} K Mn(NCS),] (b)Y K[ Mn(CNY (e} [CriNHzJCL
6. 06 3, 1.8 3. 3.95
6.27 THAETERAETHHNEHEADERGSEA A P9 (o Eg A R, b e TR B e e L R A
SERS I L IRIES .
(a3 1Fe(H 03,75 (b)Y [Fe(CN)]* () [FetCN); 7' (&) [CoF.]" (e) (Co{en), **
() [CotNOL ™ (g) [FeCl, 1™ (hy [Ag(NH;), ] ) [ZnCl, ¢

6.28 FAR KA1 00 cmi BREGHET -~ 3 B B G 00 7 IREE St R W R . TRl ) B o B R e T

&9

6.29 HAUAZZOMHE ROOMHz TR FOH OEBIIRTR BRVEBEHEENAE L

6.30 BB NMRED AKECRMFERBROEY

631 HMEHEHLUHz IR, T 0HATH Hz BR. W FRBNERE B X 1.4 T M'H NMR 5. (b
- L 00 S TFFEE M IE ML FELBT

[l

[12]

F3]

{14]
15]

% XW

BRE Lz MIEEHE . U - S EHF N 1987

AR ERW. RS mRumik e S R R A M, 1998

A AR A LT b R 1987

EENE. W R Ak, JU R B AR, 1997

WG RS YRS ME . LR B R 1802

BB SR R R B OB D R R ST B, 2000

PR B B M T LA, K 110D, 9~ 18,1996

Figgis B I, and Hitchman M A, Ligand Field Theory and its Applications. New York: Wiley-VCH,

2000
Mingos DM P {ed). Structure and Bonding Veol. 87; Structures and Electronic Paradigms in Cluaster

Chemistry. Berlin: Springer. 1997

Cotton F A, Wilkinson G, Murillo C A, and Bochmann M. Advanced Inorganic Chemistry, 6th ed.,
New York. Wiley, 1989

Cotton F A, and Walton R A. Multple Bonds DBetween Metal Aroms, 2nd ed. Oxford. Clarendon
Press, 1993

Bersuker 1 B. Electronic Structure and Properties of Transition Metal Compounds . Intreduction to the
Theory. New York; Wiley, 1996

Kauftmann G B {ed?. Coordination Chemistry: A Century of Progress. Washington. D{: American
Chemical Society, 1994

Shriver D F, Atkins P W. Inorganic Chemistry. 3rd ed.. New York: Freeman. 1999

Coliman J Py Boulatov R, and Jameson G B. The First Quadrupole Bond between Elements of Differ-
et Groups., Angew Chem Int Ed Engl, 40, 1271--127(.2001
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FTE REBREGSTEHHEUFE

£3.1 B R RERERLNR . BTRAERELUL, B &R 28 .
KBBEHB Ry TR FHRERBINHELAH . BARST . EM 2 FHEHGRNREARNSEH
AR SREMYRABNERES AMBAIES. BRES AN KRR MR
BOTUAHE . RAEE 21 e statn e B8R

HTREBAAFN R . AFEAELENHEE . FMNERAE R\ HXRIENIE
FRIESEE. € Bt HERAEN, D THEMER. KT aR EERiRkggn
M. BRATWA TSR EREYHXN E XS TRBERA/N L RBY FEMTEE
2.

7.1 SRH-ARERSEE

B A enr L. Pauling BV BE T 1 M0 HEORE CONER M BRRER
-
d, =d, — 50 logn (7.1.13
Ahd REIERMMAENBE, AARSEMERER SRR EK, BAR pm. TR
ER BEAFETRENRGT AUOEGFrRE—IBNERR 1 5, WA LACO B
HMO 2 E SRR A — 5 00 167, X8 (7. L. 1R AT &N
dy =d, — 71 logr’ (7.1.2)
A ARE. M HZXTAA. A TGRSR A . B8 H-F 88K AH92pm,
TEXMHRERF—H—F] &, H-F MHREN 0.5, MNELR.

d. = 92pm — (71 pm>og(0.5) = 113 pm
XHERWNEMNRKESE 2. BROATEMOLEE Q0. L DR L DORPHE—4
ZEMWIBRB ARG EAEATERLERNNLZR A THEIBKIBHIMEXR,
I. D. Brown %5 42 H 82 {fr B84f (bond valence theory) , 2 T REBIW M —FEE Fik.

RNMEFLRECFENERERNBS O —FBRAWL A ABEER T AR
BoEKED ERES. B REX BRI BEE M SRR . TR R e
PREAO#REE DAHBKAENN R BT ERHBELCAFARS:

D B FWEFRAER AR XP R EAOES S,

S, =exp[{ R, ryI /B] {7.1.3)
%, Sy=[ry/R,) ¥ (7.1. 4>
AR MBEER ANBATFREAXAR ARN R BAREMEFHERMEE XM
HRFECENRE G RRTHELASHRBENERTRAEBMAE I

O BN SR TFREFERNBNZRETRRE TR T X0 i e
RS IEEAR L T ACHE MBS AR I Mt S ML F N A R,
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BTE KEAREREASTHAALE

RULLLEXHBFEETERAREAESHETHERT(EAEN —DOHEN, &
TALHDAHEROFANSE. B THRINRERN BES R 7pm, FUAFIMERT
(LA R H. FFTERIBE ENATHEOE TR E R EFREMEG. 1L OK
TRBAMANSE R AN,

£711 FAXNEEFRERFREENTNSNNEN
LRECT L3RI EEA 3Tpm B Ry ]

LR R:/pm TE Rofpm | JER R;/pm 1 TR R./pm
Ag(1) 180. 5 Cri6) 9.4 1 NG 143. 2 Se(4) 181. 1
INLES 162. ) Cs(1) 241.7 Na(1) 175. 6 Se(6) 178. 8
As(3) 178. 9 Cud1) 161. 0 Nb(5) 191. 6 Si(4) 162, 4
As(5) 176. 7 Cu(2) 167. 9 Ni¢2) 167. 0 Sn(2) 194
Au(3) 183. 3 Fe(2) 171,30 Ni(@) 175 Sn(4) 190. 5
B(3) 137. 1 Fe(2) 175. 1 P(3) 163 Sr(2) 211. 8
Ba(2} 228.5 | Ga(3) 173. 0 P(s) 161.7 Ta(5) 192.0
Be(2) 138. 1 Ge (1) 174. 8 Ph(2) 211. 2 Te(4) 197.7
Bi(3) 209. 4 Hg (1) 190 Ph(4) 204. 2 Th(a) 216,7
BiC3) 206 Hg(2) 103 Pd(2) 179. 2 TiC4) 181. 5
Cd) 139.0 (eD) 193 PL(2) 176. 8 TI(D 217.2
Ca(2) 196.7 | In(3) 190.2 | Pr(a) 187. 9 TI(3) 200. 3
Cde2) 190. 4 Ir (4 187  Rb(L) 226. 3 U 211. 2
Celd) 215.1 | KD 211. 3 Re(7) 197 U 207, 5
Celd) 202. 8 La(3) 217. 2 Rh(3) 1703 v 178. 4
Cl(3) 171 Li(1) 146. 6 Ru(3) 177 V(5 180.3
Cles) 167 Mg (2) 169. 3 S(2) 174 LW 192.1
CI(T) 163.2 | Mn(® 176. 5 S(4) 164. 4 Xe(6) 200
Col2) 169. 2 \ Mn(4) 175.3 | S(&) 162. 4 Y(3) 201. 4
Co(3) 1627 | Mn(D) 179 \ She3) 197. 3 Zn(2) 170. 4
Cre2) 173 Mo (6) 190.7 | Sh(3 194. 2 Zr(H) 193. 7
Crid) 172. 4 N(3) 136.1 | Se(® 184. 9

(G OB R /om RN (6]
Hi1)0(—2) Ry=87.N=2.2; 5b{3)F{(—1) R, =177.2,.N=3T:
Sn(2)--F( -1 R,=173.9.NN=3.5; V{4 ﬁ BaeeN{(—3) R,=177.N=5.2

LERSEESTFHEFZTAEAS ERTHEALS I -2 HFEEH A L. D. Brown A ABHHN R
. Accumulated Table of Bond Valence Parameters (2001)7. i #EF 8 1500 S MH@RAHE AR UHF—
Ak

BRMTEIER T T ARE TR A RSB S W REMMEER. T 3650
[ 7.1.11 REHERRERN PO 2K PO BRKE N 153, 5pm, XHHE PO
SRR X P R .

B OAERTLLEBEXEERAG.LDIKX,B

S — expl:l—ﬁl' 7pn§?—pr3153. Spm

}= exp[0. 2223 = 1. 25



7.2 & b

B PO} 8N P-O BB N1.25. P RTFHEMAIN 41 25=5.00.XF PO} F PR
FHMHh A~

68 7.1.2 MgO S4EEHE NaCl RIgEHLE 10.1. 2,882 7. 1.1 HEE .45
Mg—OH KB &M Mg MR FLEOTHETERER 140pm Mg MO BT EEZ
MR K Mg- -O B FEER 5.

B MgO PR +2 4 . Me™ BBIR 6 MEEMASFR O EN AN 88008
(S R 2/6=0.333. HEC. 1. DED R,=160. 3pm, (7. 1. A5

. r169.3pm — r7j__
8 = CXP\_—_——B?pm ] 0. 333

0,333 = exp[ -- 1. 10]

169. 3pm — 7

37 prm =-1.10

r = 210pm
Mg® 898 -FE 2% 210pm—140pm=70pm
[517.1.3] k@ MKaFRENEmEFXER 2 M0 -HeOR 2 40H-0F

o HEBHBKELXREEN 276 pm, KA1 O- -H 96 pm.O«+H 180 pm, il 3K X B8 I {H
R A, LU O Fn H R P B A

B oG OREERT L FNEE TE
O--H @84 .S=(96/87) **=0.80
O-H 88 .5=(180/87) " %*=0. 20
FRUCER R O RFMH R TFREBERNH AT .

H .20 OyH ------------
0
P;za OQH—-..?__?_‘__

O TR YR, 2, H TR LA &R0 .

7.2 A 7t

HRUX —HY ZR AP X—HoENBHTZAMNEBLAEN X BEF,. 2L AR
NHEEUENERFE - ERAME R TS de Y EXHms. XY 8% &F.0,
N ESRF UREWNBR = FRNEABRE . 5.

N AN
C—H--0 # C—H---N
i e

=C—H-+0 M =C—H-N
AL TILM AN EEEABZE . CMERA LM RIEETE T HRO&E. &
Y340 H) 5 B B 4G LB A O 1 M S O T BT LA TE R 2K M R A A, B — S E
A ERNBESRANR B HEERNERPRC.EBERAG . O A FHEX
R TROES L RERUREERNER ITAEBREBREFRNE R BFERLES
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BHTE WEBEGSTEHLE

EPES MR A AU R (MR i £ SR IEHED ; (D FR AR R/ B8P SRk
R IS RE e/ i B R R A = R SR M B RE R RN B S T M2 T A
R AT ARV AN BT HANE X EYBABRE-SRENERES. 48
B RS BEA RS R FRNER, E AXTEYHEEERIR D
-+ BRI,

RPN s R 2
7.2.1 EROLANE

el

fga . ) ~$§ @, % »&g g‘% = &g_e.

ARILMEETARTE 7.2, 1 WK Roror.. 0 BB EERR. F X L85 THES
S LSO E T 5 R F RN

(1) KEFER X -HeY RFRFR0, B H T2 ).
X &35 058 Y B, S
(2) S8 X—H--Y 0 LI ERE.0=180" L7 g T # e @

BB e<C180°. A BB AR LA HRBRLEER. BN L
B R R BT A R 5 AT HE B BT RR . [
(H X MY KPR ENSEROE I, WMEFEXEN M7.2.1 SWHOLAKS

bR -, B la,. ABER. 3 XY (bR % 4 e,
X HHEEHK RmFEREMFER, XM HIET 4T XY d.o 5, BREH SR,
(4 SHEBERKNTENEAEL X HEAMBBRROEHERETRY RFOHEEEERZ
ZAER AN BT O-H-0 S#EEKK 276 pm, B O—H F3L MK 109pm K
H"‘YW?@%‘F%@E@H 120 pm+140pm B2 369 pm .
(5) A8 X HeYMY--RRBEEEAAHE « BHLTF 100°~140° 2 fH].
XN—ITreeY

AN
“T R

6) EMEFRHEUT EFHRETRE L. AEGSSEP HFE TR A5 INEfH.

0—C

Vs

0—C i N
\ ~ N /

N—H N—Heeernn 0—C
e s s " .

0= /

~ O=C
N
=1 R i VU AC fif

() EREHSRF,AE-TPHEFREBEEN Y FHIN ST HE W4 52 HI.
EERET, SN BTFHEMBATEZABEMLEATH I AHET. ERERED, 81
O Wiy e 4 1 HRT.

MANL SR PERABNKE WAHREFE S

(D FEGENRTAEMZERBEATERSR.

(2 FATHITHHES TRERATHNSFASRWEE) THERKNBEXT
o FE AR

(D EFTHRERERGE - MANGENRTHENZREELRSE RS FA482.
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7.2 H =

i E

w oo

1.2.2 E@HBE . g - P e e e
MEBERTEEAFERBEERNR. B TRNAECERNE EHNE FEEN
SRERLMR. EESNERBEUEREN. KZHARL TN FREBREZ . BT —
R At R H AWM E Y R R R BN RN EEN R B KR ER, B
AR RERE. mE 7. 2.1 R
£7.21 SROBEFHRAKR

A EaR B Wae
X HeY WEHR S U 5 B B L G R Bl
i# L X -H=H -Y X Il=ZH--Y¥Y X— H=H--Y
HY/pm 120~150 150~220 220320
e Y ipm 220~—~250 250~ 320 320400
BE 00 175~ 180 130~ 180G an—134
#EE/ (k] »mal ") =50 15~50 <12
IR AR RE R/ (%) 25 10~ 25 <10
39 H (b (08 /ppm  14~22 <14 .
5 45 TR M S R TN NS TR
L o WS C -H-O/N,
HF &% O/N--H- =

RLLIFPERBHOERHEL XY BRERE. R OTH 6 W E A .
Fh S HRT AN AR, RRA XL ES Si- HN N—Hx ZFARB[ER. 0 THEE 2
BT -MEREARNEER AH,

X- HeY — X -H+ Y

A OBAER R FRE® O H-O M F—H F,aIl it 100Kk] - mol . 7 KHF,
H F—H—F S8 A Hik% 212k) « mol ™, BRIEESREAMER AR

kL P.O—HO S8BAER 25k « mol L ERTFHAMEERANER.

(D BUMEER. X—ERTH TXAFR, 6 H--O MKHERNEE.

B— ¥+ 8-
O- H-- O

(2) B eI H FF /O Jg Tt ZRER LR M SR, ERE 3 MRT.

(D BFAPWFRERHEFHO RFHEEEELEN N 260pm, ER T H-O [
R T 180pm Z N, R AR F- 1 THRAFRE.

(4 EREEH - MEFH S FZRAEERI|ER ZEERR T 8, e M
SOE "\

RO -H-OWRNER B THEHE . HENTR7.2.29.

BRAENEBEAAMNHENO—H- OMF -H-F &&E+d HERYY HF, TP HET
IFARERA F RFHH L

r 113 pm 113 pm -
T p iy MBem g ]



BTE KRERRESTHBNLE

®¥£7.22 HEBOH-OEEShEMERNTR

BEFRE A AR/ (k] + mol™!)
(1) Hefe —33.4
(2) BRER —34.1
3) HEREE +41.2
(4) M E/ERE —1.0
s —27.3
LR EH —23.0

A FRERE AR R, T KA = Al A F (Be-de) R R F RS FHMBE - 8L HEF
B 1s BLIEA 2 A~ F RT8Y 2p. BUAHMHENER 30 FHE:

¢ = N [2p.(A) + ¢1s + 2p.(B)]

¢ = N,[2p.(A) — 2p.(B)

o= Ni[2p.(A) — ¢1s + 2p.(B)]
e B—MRERE.TN NN, FH--{LEH

M7.2. 2 B THHBGEMEL, (O ZHEARFT I TRHERRRENKT. A T2

WX — R R ARERA 4 MR F L B S THE ¢ REERS FHE ¢ HEF LB TR
BoTHE ¢ BT B3 c-def@. XL HF, dE -1 H FERKMEYTRER 5. T
nf M HE o FRET Xt Ar B R .

a4 F _ it & %Jti':d/.]_)m FIEE L/ (N m™")
HF 1 g3 890
HF; 0.5 113 230

(a)

)

H722 HF; hyNneE
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7.2.3 ElE#ﬁ%ﬂ ; e 8 <Pal gyt T " £

ﬁﬁ%@ﬁtﬁx ~H- Yﬁ':EE—* %é&{zﬁ:({ﬁqu Q- H‘,EN H%Pﬂ)ﬂl /“Jﬁ:s"ﬁ'
ERET MR BT O RN BT ZEH R X 51 Y #8 F.ONClE C4d ik
BHWES EEX . AT AR ARTLEAEHAESBENERRE B RHT .

1. X—H-TH

- X -Heen §EEP o SR« BIRRIEANETRF &

MARSSFAOEEH ~ B8R X -He=x S8, LH A FF S % (aromatic hydrogen
bond)  FAREE A N—H S5K8 O—H B MERE B N—H-x 1 O—H-n £ H k&
MU KEESERPESTHREEN,. EMEEZEMEMNESKEREER SHEUH . EHHG

N--H--Ph SR EEHEANN 12k] - mol . EHBREHR N—H--Ph SBMEGESHAE
TR

i T/ X
_ | |

N ¢

/ \C/ \C

C .
[ é o~ D
o /.\J-—-H'
0/ |\/I\I—H"" C\

2-T « HCUAM 2-The - 2HCL SRR T X S8Rz LRE8H. £X W5k
FLCI-HERBEFHE M C=C BUESRTEFE B 7 2. 3@QRAbDIGHRE 2T # -
HCLf 2-The - 2HC B8 FE 2-TH - HCl PR 7B C=C B8P Lo e AR 340
pm . HEFF) C=C 8L 2N CEFHEEN 236 pm § 241 pm. 1F 2-T 4 « ZHCl H,H &

FIC=C BL24CETHEEHELTF 243pm.M Cl JEF 3 C==C £d.0 SrYHFE R
347 pm.

g OO

{a) (b
B7.23 2-Th - HC1@F 2- T - 2HCICh R Ol —H-mm &

2. X -H-M (@

X -HeoM SR FRABOEMY, CE~1 Sode BENERT LT RBTH
MG R TA 0 ET R 6T de de X—He M SEASHIE 47 F A LA -

(D M ES HRTFUSNBFTRAAEH X BT8e,. 20 H B 56 E 06, mE
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BTE WRBRES FEWLE

T 89 B .
(2 EBEFEERF WEARNSIESR . CAAABE FHdNE. BIEIRTH

FERAGHH ET BT 3c-4e W ELEMA.

(4) BFFEM H BT 89'H NMR #83 TMS M0 BAREX e mEMEHEER
pi S35,

(4) ArFla] i X—H---M 38 T AR L 9 JLAAN R AR Bl 8 B JE.

Gy N EYHES 1SR FASKEBRETAELERXHHSE.

3. X—H+-H- Y-

BT ST RIIAE A,
H.C- -CH, H,C—F H,;N—BH,

~-181°C —141°C +104°C

Moh il LR L7 HoN- BH, @& 4 FRIFEE R I BRI EERH. H;N--BH, 41
ORI A B F B AR AU LA S8 HLN--BH;, 4 TR ER T HC-F F.54F
] O A - 8 A A B PE B RE L T HoC--F . {R H,N--BH, #9fF i E 1L H,C-—F & i 245°C.
BAl 2R S 80X R S 0

~RAWMEN-HH-BAZRMHH-HEENT 175~ 19 pm. £ B
[H.NBH, D, #, %% N--H--H--B ~S4&,H-H BN 182 pm ., (NH)---H—B §f J 100°,
imBHY-H—-NMBHRUAXEL xHEFLEFATELFLX—H-H-Y ZE58HWA.
B 7.2, 4(a) R H,N—BH, % FE #4545,

W7.24 “HRX—H-H-YREN
{El) H]N_B}{Sr (b) RCH5 (PPhg)J ' CEH'{N * CsHs! (C) REHQ (PPhJ ): . C3H¢N2

TEHBANEAET HN—BH, #4aP. EFETHBESREMLEY T X HEfd
TSR DRSS E SR N—H H—M 1 O—H-H—M — &4t . T o S/ fic i 2 5
M--H BERFEZEER B 7 2 40 )4 B/ B ReH; (PPh,), » CH.N « C.H; 0
ReH. (PPhy), » CHN, Gk &M dg N—H-+H—Re ~8H8@. X—H--H-MRBEEEXER%E

Ho o 7 DL WS A 3 AT B 1E S0 10 P IR 2004 o 18] 4k
X--'+ " H-M —+ X—HewH-M — X + H, + M
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. PR s } : i g N ‘ﬁf
. iy Bl AN R N 2. ‘% x E \fgi-: 2 K T
7' 2- 4 mm** L’..EE-: ' §1 ,&‘ “.:":f- Z»,_‘_:_,“.'%&@ B e & . ,J%m% weo w”’“ . L f?ﬁ& -';3?% TR
AN TEESHMEES. O—H K 55. 72 pm ,HOH 84 104. 52°,0—H @MW F

W R PO M R B 4y A B0 7. 2.5 BT R K RS T A FRBE 4=6.17X107°C » m,
KA THXFMEEERMUREEA ¢ M THREAS TERAROEI.BRTH-TIK
& YR S H v BE Y A

O
95.72 pm _
104.52° &

I
H H H
\
(2) [
wla
]
0
U —
95,75 pm R \ / 8
104,47 Y
5+
D D
(b) fc)

B7.25 @HOMMLEXDOMFFHE. (OH0FFHEFSH
CZrRUNE TS 2 W FRNEFEESHE4+IMRA D)

KEABMBEMEAEGT TERREFHLERE K S AKE 11548, E117F
EMMAXRTHE7.2.6 4.

80

40

40

tC

-80

’ ki |

120 fod

AT

7
200 W 1 | “\ 1 !" L L 1 i
0 4 8 12 16 20 24

P Pa

M726 ROBBACGKVEMTRMN. E4TRENXK VAR
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BITE RREREMSS CEREE

AMIOFEEFEPEBPINE B ERARNAKASHESNIKEREK-L. K- BXAF &
ERE . ERmESEHRTEH .2 7.0CH, A AHRIBBHON =152, 27 pm,c=7386. 71 pm;
fi P ELE 4 HO G S RBEA Db P6/mme; KRN 0.9168g « em ™.

fEok-I, BT FAEMAF A O—H-0 KEER 275 2pm, M H AL 3 4% 276. 5pm,
L0000 HEE T 109, 5° T HO 478 /HOH % 104, 5°,0—H @£ % 96 pm, fF0—H--O
AEh HETRDGAE OO ELMKE. AR LHFLATER L, EFEFRE— O RT,
B A IO ~HeO MO--H —OM B 2. Eok-£ T B TFEIEFHILF 070, X R 74
BOEYHE . RE SR ESTERE RS- ANEEF R 96 pm f1 180 pm 4h A 2 E 5
Tl 28 R EREATERTHEFE T TH.BE T k-1 BN AT HE Dl
BE A LS HRHE

\\
-

109°33 v 2752
i 1011
|lII _-/ J
2765 ‘-Q\O
109752~
{01.5
109°24°
B|727 &1 45y B728 &I D0 K FEHIRN
(LB ORFPERRKEZHE S 548 (fF 50 Ct M Fima ki,
BERIERE O—-HO M O H O BE#EEEEH H HPRBAZFOBET . — R/ RAFE
EaashA e ieEmE - HEMO0ET DREFENSEFRNY L2, B AHEE pm.
R R 2 M LA B R s R atiE DR A ER HO P
Tl R A3 TR TT—R . EFsa T HETHREWMEER)

TR R )

PR A T & A ERIRAT 3 o] DU S0 —— R A, — By & IR T B

A VE Bt R A AT fof — T2, § A B 5K o F A R R0 B A X Rz, ek S A B)TRACIA R

L ERASETF SN RNE TR AT AN ELEFOHE  Fik e

ARRE AW L HHEESHEE. W HKETLHOHRE. L mol 2KF7 2N A HEF.E

THAEO-OBFAMATEATHREE.F 2 THR. BELE0ORTRAMSHFEFRE
AN 7 2.0 R A4 RE 16 FREl REF BRI SR 50 6 o, BP 6/16.

o= (3

} }‘:Rln%=3.3?21'nmi‘l'K !
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7.2 & &

E—HESERMEME 3. 430] »mol ' « K D—B B KW L FE SRR EMET h

LN
° o o
°Qo 0G0 000 000 0O
o) O o o

6 4 1

B 729 XKPAkHGFRAAEMRR

HEEFARBKBELRK, XEHRKAF SRR, KNS S8 E 2R, KN
CEERER O L ROE B AR B W I T A R K AR A T OR R SE R

Wit W_RALES AT ek A FAE Ho S b e T B b Wi S A i s O b R T A L A= kel (e 3T vl 1AL B



BIE KEBREL THELF

AP ER A TR B R B R ) I e R 2R A T BRI U AR Z LA 2T
MiFe N XRESNES TEEMAPSHKER 8 AH BREKANER. 81 TaS
TAG RIS, BB A B AT BT LUK R R B 5%

PN A R e 55, BRAE R % H A HO 0 T4 LA #, WA R A fAE#
HH B R R BT S K% SR MRS,

REETHE . TAS HEX . EREE B

2. MERIERRASUER

B FAEWE S FE AR LB AT, B 0T R ER AN R BT
FRAAQRKHBEMNEASHEAAZ AP AEF . LB AX BB WE TR
SoFEER BERERESELSNEREES  AAREA IR AR HE.

FWEUHRBZYR.EFRERES T CHARD TH G ERAAER T HWEHE ST E
B BAREX GHAOMCERSITE. A0 TRFERR. S NRAE MR, &
HHABEAE B 7.2 10 R KPS LYK RS HE R, & ®HT R HF H,ONH, & F
DT RIA BRI R AT R

e

{h)

30

— 100

-5

=206 -

=250

A Y S TN B B
G R N PV

M7210 EXTREEHES@QAOREM

FTERERER. B BESET 0T RS RARE, — 5. ¥ S ERRE. M aE
MARTTHERBEAN S C.HERS TREBOEMSMSAEEER, ABS09N
96 ‘CH 114 C.

Bz 2 mHEECESLYHSAR. BRI RER TS SEE R
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g
é
=
4
1
I> CHy
BMr2n IETRELHHASER]
3. MMEMEREKS
o)A B HE RS R S ok, 30 H ol R vk R ER
CH,—CH—CH,
| | i H,S0, (3
OH OH OH

FEHEREEXNOBRE KNRERNER EHEBAETF K FRIMER.
YRR SE R /NS FRER A XNE X, B RE S FREGFERH DAY S EER
FLEMRE ASE I NES. REREYRRERNREIN T TR

W } * S P 78 Z. 8
ﬁ% 72. 8 28. 4 23,3 22. 6 17.1

AR BRI BT T, K B 2R D RE AR S S R K o 2 T O A SUER A HTL A h FR T O M
WL B A SR R AT PR R B %EJ_JI{*EF‘LEF%“%E%H’]%X

7.2.6 ﬁﬂ&ﬁﬁ%ﬁi?m-l’ﬁﬁ'

L i ) DRk 2R R {i&fJ(’LtA% Hn%%ﬁm%u&ﬂiﬂlﬂﬁmﬁfﬁﬂ ﬁ-*ﬁﬁﬂfﬁﬁﬁ
PRERME AR BN R EAR ENGARELERERIN  KREREH IR RE
BRI REGT SN EEEE REEFREMREBAD, G EANENREYN EER
i AKBEFMEA P EEAM KRR HIT. TP RS GE - REF AT K
| HPEXEBAERN. T @M RO &R AR

ﬁiFUF-';%E{—%Fﬁﬁﬂﬂﬁﬁﬁﬁﬁﬁ‘&%ﬁiﬁﬁﬁﬁk%ﬁ?,’E%’%ﬁ%ﬁﬁiﬁ#“‘ﬂﬁﬁﬁﬂ Fi 2
REST A N- HAERR T A, (——0 R TZiE EAEREE N-H-O,hETHE

PPN e . B 7.2.12 RE o iﬁrﬁ#m*mﬁﬁ
o B QB AL B P
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%

TR WHBREI TEWIE

H7212 oc-BESHBCEFRE)

L
NH:. --—NH R —C;/ “ =
(OH NH.:
VA e FH AR 2 E AL ERER . FRES RN
SEAR SR RO T EE. TR S N s E ) I SR TIBR S § . AT
el fERERFRETEEMNER.

BB RERE . BAEEZERONAFNERZR
(RNA). M FEREEAMNB T, GAELEWANES
Fa R EEEA. DNA RN M, & 20 it
NHRBEEFANERZ — DNA BWNZEE TSN
. EBE BT E S T, — D BB — R
BRSSO DR B, 5 IR S (adenine,,
A) B IE IS (guanine .G ; — 28 g AR ) BT , A1 B R 8
i (thymine , T ) H1 5 % 02 (cytosine ,C). 7E RNA P ARER
B I, WA 2 0 BR R E Curacil, UD. (RS F E8 VA
TH - MRESS, ST, RS8R AR, B R
BRSO  E BO . DNA 8
R EFEASORT MR EEEZE LA 5 A
3 AEf C T8 TE RIS BE. I BE U B8 X A B o SR .
AMTREABEFITESB|B.GHCRERA=1T498. 18
7.2.13C) R BT RSB ER XX &L,

0

» OH., C

Lo RTINS, BRI AN, DNA PURZE P A A T FRh M B .G
O BB WA, T B BB R, BRSO ERMER.

. . N—H-ee -0, ol
5 3
on, AN N/
H(\ ,;5 N / (i\
v , Neweror H—N
Q ¥ L _."‘l \ /CH
X N ah
l[) N ¢ r
o T —o 0
5 H
Ve
CH N /O' 'H_N\
: HC://I \C""C\\\\ é,c‘*--CH
o o SN ,§ Y
K—C( / H
= \ Vi ™
O N-—H------ 8]
| G o C
_ O_II, —0 o]
0
™.
{8) 1]
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7.3 amﬁwwm

DNA PRSP THSRLEANER AEERAFBRENSH. 56— MEIEY
T BERR R B R T PO M TR B, TR A AT R BR T A0 BB BRI B B 0. 34 nm , & MR AT
FEEZ 10 B RABREK 3. 4nm, 408 7.2, 13(b) FF7R.

7.3 AREBERLKS R

U RO B R, A R R BT 0B R T LS RO IR B, SO E A RS AN
() AR 4 IR LT A MO U B, i) 4F 4 R ST 60 4 B LT ol MO YR AR D T i) 4 B B W1 00
SR )Y R T A BT L B L (R B LR ) 4 R TR T AR R A I
B L - 5692 09 45 H S0 B AT ARt F KR A M — AR SIS M R B 2, W E TR
S (T

7.3.1 skﬁsm&‘fmmma

W& ﬁﬁlﬁ?lﬂ}ﬂ‘m{ﬁ%ﬁﬂTHf’}%!ﬁiiﬁ?Wjﬁﬁ/ﬁ‘Z Tlﬁﬁﬂfﬁﬁ T %ﬁ'ﬂ
(9 7.3.11 B EE

KA T Xo M F,~Cly=DBr, ~I, & B M. dr L, 4 F A S9BURE., B4 &EE#R
HRAAFOE TENTERBEDR.L 2 FRFTERES, A-Fi L R EER Y 350pm
(BRIM . EHWIFEFHHEEEERER 30pm HEE,

[ 7.3.23 Ph,l(u-X),IPh, (X=Cl,Br,D

Ph,lGQu- X0, 1Ph, RS M EB R T FEEXM P OB E TG4, 1 X 9
F L5 SRR,

L X EER{ A X AT REMEL X mEgEEES R
Fh X Fh L-X & pm P
R —_—————— —_——— e
N I -Cl 308 5 232.1 395
LN I -Br 325.0 248. 5 110
Pho X FPh 11 343.7 266. 7 430

MEABPRFIFETA ., I-X HREATHOLERICMBEEEEENZ M.
(5 7.3.31 (NO).
NOGF L N-N@ERAZ RS TWARD, Bl LRhNE, ﬁﬁ%»iﬁkdz RAE

N=—C MEBEEL spm. NN MBESERE D eE e ——— N
B 218 pro AR W R B 223, Tom #R L N—N St Hr s s /f

£ 150 pm KB L, ML AEEEEM 300pm BB 2.

[ 7. 3.4 SN,

SN, T FHEMMERRR. B4 FRERALHE.N E
TR ~FEA S FT M ML e, 8K 258pm, 1
— M S—S HM e 206 pm K HE SR FRBELERN
(368pm)EBE. EAFEHP NEFRA I LS
RSETER 2 A, TR SN, AT BHE.
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R1E WRERREES FHELE

EF 7.3.51 1.6- "B AEIR[4,4,4] R
L& 1 MEHRTE 7.3 L. 4F 1% NN JEFEE 280, 6pm ., NEWE . RERBAN

N T E LA B T, R R M8 KRR R e 2 R (300 pm) & 20pm. MFH —
PMNBEFRFETERATF 2. EWMESGRNH H EFL-FRN IR s 8 sl fraE
N- H-N,HEgKhy 252 6pm, BXESBPREEN. BT 184 . BR--HTEET 3N
TEE R ERE BRMER 229 Spm, ME T PO 8 F(20-3e) RBRE. HEXE—TH
T THEETF 4,26 N FEFRERESAIL o B8 @BIEW 163, 2om. HHILIEIE

R ul gy iR SR AR T ENEER.
Nz N - - N ——H——— N
> D

1 , 2806pm 2 252.6pm

v

3 2295pm 4 1532 pm

H731 1.6-“HTARFR[4 44 TAEFFHELERENFS
(PR RERERE NN HHER

7.3.2 ﬁlﬁ?kﬂﬁﬂﬁ%&

EsRELy. ﬁ{t%uﬁﬁﬁ‘“@* ﬁﬁﬁ%*ﬂ%ﬁﬁﬁ?ﬂﬁ%ﬁ& . ﬁﬂ)‘(%
SR BENENEe B, e RPFEFSRER BN & RIR T AR ENE
ﬁﬂltﬂ%ﬁﬂtﬂ%%ﬁstﬁ.ﬁﬁ?ﬁﬂﬁﬁﬁmﬁﬂm‘l.Tﬁﬁﬂﬂj%‘ﬁ:ﬁﬂ-

[fﬂ} 7.3.8) VO<(acac), *

A4 H VO Cacae), i Py ﬁ?ﬁﬂi’kﬁﬁ,ﬂ nE-ENEESTE . 2. BETZE
eV IRT SRS 6 MREMRTHREEMEAE 7.1 ZEITEFRESNEH 0T,

] VO (V- -Ou Ve
B /pm 157 201 248
B 1. 86 0.52 0,17

BAMA 4LV R RS EE
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7.3 FERURER

B 732 VOlacac), - Py T &M
(4 7.3.71 V.0
V.0, BEEREHNELYD NE7. 3.3 iR EREHP.VREFRENHS 10 KETE
fii AFFSBERR 1O KT HURBHREE . VAO KFRNRERENSTTRP.

O(a)
Opy b~ O
ey --'"‘II O s
!
Oy
()
B7.33 V,0, 519
ﬁ V _'O[u V—'—Otb) V_Ow) V_(){d.j V_Uu\
&K /pm 159 178 188 202 281
A 1.83 1.03 0. 78 0, 54 0. 10

BAMED 5. 06,/ V R M ESMHERE.
[ 7.3.8] SnF.(@) SnF.)

SnF, W FEHRRTE 7.4 P, Z9FEATH, . ME @ KR, B by FEC) MRS
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BIE RESREHTHEMLE

F oA E A Sn R E B AY BC LTS .

iy 4 TEL K by Sl 1) FETACdY (e} Sn(ZHRIAAL

E 7.34 SnFe H‘Jg'ﬁ'

RIBUESNENEFEESHEME 7.1 1 NS, ol 8 Sn )M Sn2) BB E
FEES .

Sn¢ ) ¥
@ ipm 206 210 216 267 283 322 |

EH 0. a5 0. 52 0. 47 0. 22 0,18 0,12 \ 2,07

I L
T pm 203 220 228 239 249 331 |

4 #r 8. 36 0. 44 0.39 0. 33 .28 0.10 | 2.10

MFTBERE AAEIE Sy RTHBENKER . Sn RFEZMEE, A7y
LA, ﬂdwﬁﬂﬁﬁ‘rﬂiﬁaﬁﬂ ‘rﬁﬁ&?ﬁt&%‘ér TSR R E R,
':;‘; T T B %
7.3.3 ﬁam?l’ﬁ]&@&ﬁi 3 ' o f 1, L
FE S8 IR ?Jﬂﬂﬁhﬂi%ﬁ%‘ﬁ 45#%5} WﬁzﬂETHﬁ% Ewa ) E%Sﬁfmﬁﬁﬁ
W R G) £6.4M6.5 THFTRERESY EFR _BEREGW THER-2R
G EATAIHEERBFRNKAR AR XEHTRERI SRR T ERHALE
FI. FVAT TR R % 19 9 4 15 1B (aurophilicity Y $1 38 48 18 A (argentophilicity).

FEHBEEBA-MNESMNESY TP, IERHN AvDET ZH MBS IER. filne
O] AuP{(o-tol). .BF, &K (6-tol fLﬁMé@ SBBEEHFEIF . EEF OLAuP(o-tol); |7 O R

FREAA AR FESHAREERE . CAuER=ABBEH, E 7. 5. 5@ iR, FEHEF
P AT ERREERYYN “EROBEE, SO EFRER%E, 5 — % Plwh, Bz
iy P el R . SRR Au RFZMEARS B RKBE. Au-Au BB LR X
308. 6 pm. Rl T &R EELZM(2 X166 pm=2332pm). L. ZEE 7. 3. 5(b) R # P,
S AuP (o-tol ), 1, (CIOY, E&EBT T4 S[AuPG-to]), Y  HEHETNBE O FREA. &
KETP.SEFMN ARG THRMNTEEEME, 8 Au RTFEEERT &6, 41 Au
DRt TR0 1D B AR 288, 3~-293. 8 pm, F- XN 293, 0 pm. 4 M AR TR RIMH L — EXE .S B
o RIS -8 T 04 120 pm.

AL A BAHEARER TFHEN Au(DBE 7B T 41489 T Xe laf 54 6s" ) FIMH ST & 25 2
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7.3 IEEHEMKRGE

tay (b
7.3.5 {a) O[AuP(o-tol),3; F(b) S[AuP(o-tol), ;' K14

AuDEFRATMER  RITEARS]EEREREMSR S, ERESERR? BENE
MAEFRELFEERAEL BE—MUSAAFSERNNESFTHFREENMEIT BRI XA
2.4 190,80 Au JRF Y 6s B 3 F 00 30 N B el T MCHE , BAR BRI FO Sd Bl — R R EER
FEW 8 THEMNE X 10D dE-FRHE 6 MEBEHE L AZRAATESW, £5E
AR RS T M ENES WESER Bt AR R ERNREE AT 30k) -
mol I B EEMR. 5—FMBISIAN. FEERMTEEATHXER . SUHET®
YR MHEA M ERS A,

HoRGEHAM BESCHPREEERAER ZHBEL0E C MRFEkgn. B
A Age-Ag AT RMES S THREFEEFRYF SN C4O0mm)BES RTE 7. 3.6 .

."‘.";
:_: ................ r,%
g
(a) |C>@Ags] (b) [Coi@Agql
(@ {C@Ag -] (e} [Cai@Aes] () [C:@Ags]

736 ZRANZHPARCI HRETEMEEN

{a) Ag.Cy » 2AgCI0, » 2H.O.TC. @ Ag. s (b} Ag.Cy » AgNO, TC @Az s
(e) AgeCo » 5. 5AgNG, » 0. 5H.0.[C@Ag, s (d) AgC, » TAgND,, [C.E Ag; T,
{e) Agg(': . 6“\3'1\]03|[C2@Ag3:], ({) AgzLQ . gAgFa[Cg@Ags‘—AgJ
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BHTE REFBEESITEHELY

o LT 4 B B/ F 340 prn FR TSR AR TE L RF 340 prm AR ANE
7.4 BEHHREERE

MBI NFEEER, CFEH S TEBERSAR O BB, G R AFAD &
ALty

1. @A

O kASREERMOHEER T EE/ERE. B TAAABIRE BIRER L5
WM fEH R gE R A

2 1
Ey = 36T % Tame)? (7.4.1)

A Mo R REFAEEEMD TRARE. 2 F R .0HMER, £ Boltzmann #
BT R g R ER KRR G0 &8s T E RS FAABRERN
B R RS F =i Ey MEBRENKFRER. S8EA S0 BHER T
BOml A AE BRI, A ERMB NIRRT,

EFERTF(T=300K), RABBEL 1D Wa -+ . MER 0. 3nm, X

gy= gy = 1D =3,338 X 10 “C+m
€, = 8.854 X 10 ¥] '« (CPem™!
k=1.381 x 10 ®] K
T = 300K
r=3X10""m
X B AR (7.4 DR
Eg=—2.2x10""] =—1.3k] » mol™!

2. \EAH

A AR IE R B R B i FER ARG AR, B E S EARE. AABBENE FEEE
ZIARRSER L WHEERNERKRAESE. BREI LT T 1 BRILEN . K4
¥ 2 ZEMFEiRREN
- (Miizrﬁ (7.4.2)
Bl — o T EHEBRE 0 =1D, MHBZTFHBRLE ,=1. 11 X10 ]« C - m*. E{]
kG 0. 3nm i, T EB '

Eﬁ:

Eg =— 0.08k] » mol !

3 BEh

AR e A BeE RHESE. BEBEEEESES TP RSB MEEE BRERE SR
SRS MR EE . XA HEERNEEN A EE. London HFH 9T
Jie] 71 HC BB 9 W AL B 2k

Eq = 3 L w} 1

-3 Al am) 1 (7.4.3)

A LML BRI EAER T FRUB R« F o RETRORALE. S0, X B A0 74 F
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7.4 EEPHTREELE

a =a =2.9xX 16 *] - «C*em’
I=7eV (670k) « mol™")
AR 0. 3om B, AT AR
Eg =— 4.7k} » mol™!

MO AOMESHAEETRES T CHAINASERR S FaRIERMES FHEL X
ERARNREETARSFH,.MEEEETE -4 TRNARREFRERZ 6. Sk EHE—
BN ZMERT . BRODEFER.

—Wa ey TFEFERENTARA TR 7.4 L HXTR. B IBRERS N T
S Ew R FBRM.T Eq M Eg 83D Ee 7 FHEARORE «c KBS TFHRATELEE
RETE. YT FHRHEEN R FEXRSIBREFBEYUHE. o . S EL7.H
a B FHRENENRMK.Eq XK.

741 BEFTFHERERRE

gy | BEEs _ BEE«  Ep Ey  Ee  _FEy
o 10™MCem 1070 ] e CF e k] 2 mol ! k] « mol iJ » mel ! k] » mol -
_F"\r o _—O T 1.Ba _“—O,—G—OO h 0. 600 —_8 =0 “—M_H. a0 o

QO ‘ 0. 364 2,20 0.003 0. 008 B 75 E. 76
I . 1.40 6. 086 0. 023 0.113 23, B7 26,00
HBr i 2. 67 4. 01 0. 69 502 21. 94 23. 11
H{l \ 3. 60 2.93 3. 31 1. 00 16. 83 21.14
NH. .l 4,90 2.47 13.31 1. 55 14.95 29. 60
H.() I] 6,17 1.65 36. 3% 1.93 9. 040 47.31

UATFHhE R EBT e BERTR HEAEH 2.0« —BEHEX . NMERE
L Ee BN 53 ) 4E R DO

ST R RLE R, WS IR B W TR . R MR ARG I
HRER S HERETEURRN

Eyr = ; (7.4.4)
ARMFEHEE o R 9~12 PIKA. X, S FEIMAIERAMEETEEZR
e=4-% (7.4.5)

Lennard-Jones (WA HE-BERT Ak T K AW n=12 - EE T 5T RIEH P60 H
“Lennard-Jones 6-12 X R/A"HEik.

PR

i (7. 4.6
ATER AN B TELER WA TRPLFHMIDFTUNE. REXLARE E- B2
I 122 £ i R A AL B A S BB AR . R R M T B R B 3 #
AR A E PR R RERRAL, WA 2 FRERS - EMERER. S8 FHIZEMNET
HNOLIR ISR SRS RO - Jy s O 2B U O Lo S C<e /b o s SR E Sl N B L 252 2 B o K 2
v SERE T M R4 F 15 R i Pauling R4 B B B2 M Xl — R AR SRR
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BIE RABRIBESTHEHLS

ok B9 AR AR Y AR B ) Bondi GRMD BT SE M BB, R 7. 4. 2 Sl -6 57 R 5 D A YIS 4
FRORApm) AMMARERE, EAHLPE - . EATRE B FZREERABE.F
AR S EREE TN B, URBEE A TR RAMEEEERE.

7.4 —LHFETFMEBEANEBLEERE

I Y ru/pm ./ pm BT ru/pm rp/ptn B rr/pm rp/pm
H (120) 120 N 135 150 Ar 188 102
Li (182) oo 180 190 Kr 202 198
Na (227) As 185 200 Xe 216 218
K (275) Sb 150 220 Cu (143)

My (173} Ri 187  Ag (172

B (212) O 162 140 Au (166)

Al (2513 S 180 184 Zn 139

Gia (251) Se 160 200 Cd 162

1n (235) Te 206 220 Hg 170

Tl (196) F 147 135 Ni (163>

¢ (170) 7z |« 175 180 Pd (163>

Si 210 Br 185 183 Pt (173)

Gio 219 1 198 215 | CH, 200
Sn (227} i He 1460 140

Ph (202) Ne 154 154

" re 28 HH Bondi BRESIE L INIE S H RA R ER 2 v 208 Pauling M E.

48 Pauling rég M ERELH. I BZRET X 01 0,S.Sc. Te HHETMEHE L, 4
FIMErTHEMM 1 HamTXTWm2MHRgF 0" 8 8’ . Te' WE F 24 #in.Cl
() fE FE A 46 180 pm, Cl™ IS F 242 % 181 pm;O BB EE R ZE K 140 pm O 1 F2A
R 140pm. XERHTEEFRER CIOEFRMEBRRRE S EES FHRCLEERF RS
F A A R AR AT (L.

7.5 A TEIBIRFK A

— T TRAEI AR ER BRI LEFTEWESHEREGREZ — AW EINE 54
AR D E IR C W R R NS R E T8 2.
751 mERAR L ok . %
41T B B (configuration) RIFEF FHFHE TR BER A5 M EW F AT HEHRTE
R EENFFRRTHEGARF EETR B KA ASHRTE. MR L2 A Tk A AR
M THRANBREE HURHEE R FHARELR AR EEEYFHSF
THILE TR REE AR BARNT.
Cl Cl ] H

N,/ N L
C—C C=C
SN N
H H H Cl
WA R (Cod KA ()



7.5 AT ERRA KN

W 5 4 1 e P BRI L R R B T PR
(1) BRI D AL B8 B , 300 B B 0, A7 RERR -7 2 MR — 7 A R M
% LR RE S HE B AR A0 T

(IZHO §Ho
| |
! !
H B C =l O] HO W (—nt H
3 |
] |
| |
CH;OH CH,OH
D+, S#7RY L(-), REy#!

(2) IR M S HRICHH & BV FHRIR T EE® 4 4 EBHR T B O/NIRIEHES
5 8% N B IR RN TT HE 78 SR o o, Hof =T R B0 T A A R R RN R £ AR
Bf, BR R % (Rectus, 45 ), @B $FHERI B R S #EL (Sinister. 2). SLEEMI P MAF 2 A EW T .

(a3
coont [ : 1 COON
: | | (lc :
H o ¢~ OI C““‘cm { cha—i . HO W ¢ e H

: HO 1 OH !

" COOH | BOOC !

CH_; CH;

REEAE D= SR L{+)

fEMTR.DLAMR.SHBEFEMMNAXER, FRANESNER. D.L t5ic & LUH b
ShidE ERS FERPRBEAE LT OEHER H A OH HAARBHA MR 2GBTS,
HiEAE#D N D.HERAA L. H140:

C‘ZHO (IZOOH (I,OOH
I I b
! ! e
H-'(.:"-OH H B~ ( ~asl OH 11 - (el O [
I
: l .
I i |
CH,DH CI1;01H CH,
D(H) - H s Di-) - H s D(-)- A8

UG FHA - ITRESIEMABHELSERTHOELNEE EESEEERN, 4T+
5 7E %5 [ B9 HE AR B E 5 AN B 53X Fh 4 F o UR F 19 5 HE A SURR 9 MR (conforma-
tion). IRBH RSP TEZHSEPAHER. AU RENAEEENET R ERATEARR, 42
T3 E A ] AR BROR 4r T 804 5 B At 4.

LIFEMHC—CHO) FREC—CEEFTRINIFEMUEFRE, AP ERAMHEENR
F.ALAMEESL A 7.5.1 iR

GFMERESTHRENERE BEIAARIHBESREEEAENORMA HAak
YR 4 M ECF A—B—C—D, HfE Al B—C #WER, LAY A BB
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ETH KGBRENTHERLE

Q)
d f
b
e
(a)
ad
b.e el
227 pm
()
B751 ZaasFHEMaR

(a) AR, (b) B

FMAHD ESTARNME. B EIE 7. 5.1 F.Ho,—Cov—Co—Hao B M, £ XA
g k60 L ERAERAHN 1207
BEEAFENEEINERS, SRIEEF TR E SRR, AR 2 F R
() HETE VR iR C—H 88 o JLEMILFE B — 1 C—H # o Bul i E L5 1F FEF 2L
W T THATRRNE. USRS TFHREER ST ETHEEEYRRED
¥EBH T FRIERBIER.

7.5.2 SFRAHER

TR ERTEAFHBREFEMNER B MAMNEFROEEFEERE. H
BB OB ESE ERBRE ST EMEBLE (/)R R HZRFHEEEEE.
WIRTA4THEER 2 MR TFHREMEREHMEpE
BRZMBRXERAKXFRTHNRBLERN 2/ 2T
BRI (VR LA CL 53 F A8 IR 7. 5. 2 AR T

BINTF .

ol A s ol __éj]
Vﬁ_j: *—Z[STIR wh LR 3j

lhfr:R

— 4 3 _ 1] _ 8] 3
—.21{ 3180 — 81°] 180~ % }pm

!
|
|
i
|

i T
8lpm 9% pm 180 pm

752 Cl,4F4&EHNITN

=42.5 ¥ 10% pm?
=42.5 ® 107 ¢ nm?®



7.5 ST RBRRTARA

AF LA CL 4FF A4 558 pm, B ok 512 360 pmL 0 TN 42.5 X107 nm®,

HEEZET 9 FRAPER, WG e gm0 F R HiEE R FRiaEe g
SFHARARE L. B7.5.308 28 CHY) S TFHREE.
HE AT/ FRE., BB 48024 8. 520,400,
340 pm.

IExe T o CHe B ARIEFEEELEN
Bir K C—C-CAEN L1928, C—CRKA
154 pm, B8 -CH, BEE R EELNRN 200pm, d b wl
BRI EEN:

‘L154sin{ 19%'1] (n— 1)+ 2% ZUO]I)m

= [126(n — 1) + 400 pm
B4% 73 F B2 29 % 490 pm,

AR E R oy FRIK/ANT A B S B R (R BUR AR, B AN, KR EE R (R B
18 cm®, WA K — 4 H.O 4 F 5 A KT 18em™ /(6. 02X 108)=30X 10" % em®. X B &~
O SBFRRADACTEET 57 H K5 K.

GFRIBSERMESTFEROZERMAR SREEREREHRMBEHRERY
74.05% B0 BERK 25. 5N A BEERAS T AHEBRESE, BEAROIE A 90X
PLL — R A TR RECR 0.65~0. 75 K — | 0.5~0. 6.

WHEWST 2 FHRERTEERETREEEGBHR.E 7.5, 1 PN LA TEFEB AR
B~ ITHLSE T 1 B 2 A B R BRI A — A BRAR B R AR R A B 2 )

751 ETREFEANERYE

H7.53 ZEBEyFHER

H H AV/107 % om? H 5] AVA0™ " em?
- {CH, 23.5 ! —NO, 23.0
. |
CH, 17.1 | - NH, 19. 7
/ .
|
={'H 13.1 | - F 9,8
- CH 11.1 —Cl 19,9
_\;\\
C- H ¥ 14.7 | —Pr 2. 0
7
N :
¢ 5.0 ! -N 15,9
|
~
U= 8.4 | —0OCH 23. 1

RN
A& ACH HC—(CH)—CH,, — A FAER N 2 ~—CH, #1 6 /(le KRS E > B
Fi, 0
(2 X 2354+6X17.1) X 1078 cm®* = 149. 6 X 107% cm?



BTE KBRRBRESTHEMEE

FHHC - RIE R RS 0. 55 iR LG ERER P — I F iR Y.
(149.6 > 10 *em*)/0. 55 = 272 x 107 % em’?

FE I R R
6.02 3 10¥maol ™! »x 272 x 107 % cm?® = 163. 7cm?® «» mal !
WA IE AR EE A R (114 g » mol "I HIEE (0. 703 g »em™ ) a] B HBE/RAFLY

1ldg « mol !
0.703g < cm

AT U L B L B B BT B IR SIS A B A A 2 —
BEATFRBRAANESE TR AETENE L,
() T e R U
7 T LT R R — o R A B A2 E R R A SR S — R R TR
RHEEREZ - RS SRS T AREM 2 E R THRER . 2 BMA 1
F 0B B 4 T b F 4B RIEAR B R, R, 2R IR BHE AL % R, IR, R, R,
e ACHE AR R O L VR B T RRE (B 0 T R R A MR @
2,
R

— 54T LB E - 2 ) KL PR PR 0B 5 2 D T A 4 L
R:

{0 . l

# x—(O) IR I TE A R AT R RS R 87 8
B AL AP RT3 . TS R (1 A 2 L A 4 Y
S F IR 77 15 22— B PSRRI (2 . SR AT AR5 80, B0 8 g K SR I
e TRk e b A X—(O) S5 A 14 B 0 3 B B A T A IO R B S

- =182. 2¢m’ ¢ mol™!

Fy RO, ] 44 o — A 3 o B AR < X—@_Y -

(2) T % 4 (o VI BT O ST

8 4 0 A R S T AR AR 9 L T AR A AR U T R B A
HRSEMS FHRARARE EHAOLSSTHREMS M. HO 0125 am® (25 C) N,
0. 162n0m (—195 C3.C.H; 0. 43 nm?*(20 C).

KEMERERTFRERIOERS S THORDAHEWHEE. DL EERAEILR Y H,
CH,(CH) WCOOH,, X4 TR X 284, BHE N 0.85g « em ™, B HIEEIR{AFL 0

284 g *mol /0. 854 « em =330 cm® mol™’
— A TR RN 3300m™/6. 02X 109 =0. 55 nm®, M M BT S K e 8 5 —CH,
MO FEEEER TELRESTHERES
18 X 154 pm X cos33° 4 200pm + 140pm = 2610 pm = 2. 61 nm
B ik ATTE )
0.55nm*/2, 61 nm = §, 21 nm?

FE— RO MBI W A LR 7E K R 10 2 AR W] PR AT 15 3 (4 0. 205 nm? B H A RS 1.

7.6 H2 T8I

Bor T (supramolecule) FE R TR BAR UL S FRESATFHMEERAE T —
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.6 A THEMALE

ECHENE N THRANBER. M SNt F A E TSRS MR T
A PRI TR TRMEFEROXR BEMA R TR FRENBNEE -4

1987 &, W WM RALFEFZ T C. Pedersen (A $) . J-M. Lehn (GEBD F D. Cram (3555 38
FENRBENER FHFRRPOERTA MESLUERLELY . FRRA LS
BHENESTTHES R BEFREALEZMERE. G FHILERESUR. B0 F¥
FLET AT EXE A TEBFEREBTHRXNER. B2 THRIER./ER S
M Ty BV BRBMEFERNE o BT BAA R E MY EES T 2 H AR, 4
o R B2 R

B THB S FIE R RN RS M B .

(1) BB 58 R B /D EE S CREMIKED A2 PR ERE 2534 T0H
SoBRATHRW. IR TR

(2) AREBEFAWER B AT AR B 28 & B80T B E M (supramalecular assem-
blies) E XA 4r APH L () B . EH. R N EAE CNEARNESERERKTE,.H
AHRBEPHERRBME S IR, /T B R EEMNER, GO f4 THMA R, &H
AR 5E ﬁﬂﬂﬁﬁﬁﬁﬁ‘lﬁ@ﬁlﬁ“m MIRXHES T IEERAKETE.

" Lk A T

7.6.1 ﬂﬁﬁ‘ﬁ%mmﬁﬁmt N T

Iﬁaﬁ%%?*ﬂﬁﬁﬂ‘%?ﬁﬁ . EHAFERBRESR T TFHRETAR ¥ B BG80
A (AG<C0) SR S 4

AG = AH — TAS (7.6.1)
A AH BRE EREFRREEANGERER AS BEHTRHEER, I INE L 15.

1. ERBEREE

HFREL R EESTRMHEOIEHESRAERRE. TENEELAEEES T
REGERNEE.

O R ER. aELe P ERE KA, 8 R- NH; - OOC-R; BF-BKF
R RMEERT-BE T ERS%.

(2) 8. OFEANER X--H-YX,. Y=F,0,N,C.C; i e 5 % # S 48 . 7 41,
X—H-n,X--H-M fl X—H--H—Y.

(M- LEVE sREFMBENSESFOOEBEAOSHEREN M—L R,
HpUHAHEREASERNEE.

Ay ren HEBER, EREET D @m0 2 Wi DR R m

—/
o>
Xt [ R S HEf T

Gy FRBRT-BREBUTHER. IFHEANRBEER L ETEHRTHHERS.
6) HKEE. CHAFHRHNECCEBER ABRELE SRS F AR mE
TRRE ERMFRTASTENEREE ShAERRK.
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RTE NGEREBL THALE

2. AR

(1) AR

15 B 5 R (A B A B2 AL & 7 52 B RS R] B4 TG 87 JER T A0 4 TR % A iz 3 A 0 il A o £
BT A A L & PR . 5 SO I S T JE A R L A 6. 3 7Y R 4 B .

(2) RKEPHI

EHMESHMMAR AHBEENFEE LHESERANE TS, TRA L SH.

HN

] T

NH HN {“1 }
: : NH HN

NH HN | |

logK 11. 24 15. 34
—AHT/(k] + mol™1) 44. 4 61.9
A/ K amol™) 66.5 85. 8

(3 i A L

BRI B K = R 2 BB K B B . Ik S B, K THNE EnE N g
HEA—E.YHRANEFRS FOOFEN . ZERATFEARBHEASE, MEH B KL T,
KK FERBBARE, TR, BR R, il 7. 6.1 B R,

FERERE DR IRTF K i 5T pvls 2 4

B76t RRKEZENEAESEMERN

Y BT K B 4 TE — AR BT oK A T BETT LUK ik 4 T i) A9 SR BRI AR i
RERG XA EFM A EESAKE M. & AR SRELERS TR RSN,

3. iR

PG R Z ARy R RME R 2, WA NBERN FEiRE .
HARR I BRI E RS TR R AR

FTE AN R AE R N 300~950k] « mol™ 5 1 b 3R 4F T (8] 40 B VE F R BE BRI 8/ o M
A HE9 2 k] « mol "B rh ZIEEE A 25k - mol ', TR AT 200k] « mol A8
MEMB MM BEBRE HEAZRNEYRMERLR, - FEEREBR LN FRIEL
fE ST, T RUE ) 30 4 B8 B R KR , B — WO KRB Bk S I %, s A B 0
RN X SRR ERRNNE - REESOEEER, &t R EMs
LRI RAER MR R SR B A T e B R E NS AT 0@ 7. 6. 2 iR, SR04
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6 HEO FHiMkE

- — -
i e S, S
-

B7.62 $RARARESEE
R T R 73 16 R BTEZ S B AT — 6 4% 10 BB 0 55 g L 4

.62 AFRARESFAER 0 . < . ¢ .

1. L ®&

(1) 7 FiH5

% F IR (molecular recognition) & ty F 74 [/ 4 Tl - R Bk L — M E R,
ﬁ%fﬁﬁiﬁ*ﬁﬁ%‘%ﬁﬁﬁa‘?[‘ﬁlEﬁﬁ?l"ﬂi’iiﬁstﬂfﬁﬁﬁ?fﬁiﬁ-ﬁ‘ﬁﬁ%ﬁFf‘JIT_EEE- ERSTFH.--F
Jﬁ%ﬁﬁ?%ﬁ%ﬁﬁfﬁﬂﬁ%&%m»Eiﬁ%%ﬂ%~WJE%%"?WJE@%§%%*WEE$@*H%
R YRS FRUE Y THIE H%*ﬁﬁ.iiﬁﬂﬁq—;ﬁ%ﬁ‘iﬂ(éﬁﬁ;ﬁﬁﬁﬁﬁﬁ?ﬂ
Tfﬁh%ﬁ?ﬂﬁkd\ﬁ’]“-ﬁﬂﬁﬁ%%ﬁ@ﬁ%ﬁﬁ%ﬁ?%%E?J?LTCE‘J%’#*J.E?LD(%"F%Q%‘JB‘JZK
Jﬁﬁ;%{%%%W*ﬂﬁ%ﬁ?l‘@ﬁ%%ﬁi&ﬁﬁ%%ﬁ%#,Eﬁﬁﬂiﬂﬁ%ﬁﬂf—ﬁgﬁﬁiﬁ
BTRE.

() fiFaa%

# 5+ F B #1 % (supramolecular self-assembly) £ 4§ — 5k L # 4r 7, WESTFMHMTIE
M BERESFEX RS LR ROE ST M5 T2 R i ] B4 Tl 4 T
MR B — S T

iﬂﬁ'?"‘ﬁt%}{]ftfﬁﬂﬁﬁﬁﬁﬂﬁﬂﬁhﬁ&*ﬂiﬁ%-iﬁﬁ*ﬂ%‘]f&Eliﬁ%*@@)ﬁﬁsﬁ?ﬁﬂ‘
?Qéﬂ%@iﬁ&iﬁﬂﬁ%iﬂ‘]%*@fﬂ%m%%?‘ﬁﬁﬂﬁ“%ﬂﬁﬁlﬁ?ﬂﬁﬁiﬂfﬁ?%ﬁﬁ?.

ﬁ?iﬁ.%‘]*ﬂﬁﬁ?‘EI?H%L&Elﬂi‘%’*ﬁ]’[t%mﬁsﬁiﬂﬂﬁ?ﬁﬂﬁﬂﬂﬁﬁﬁﬁﬁ‘ﬁﬁ-%%ﬁ
ﬁﬁ"f‘lﬂ]ﬂﬁ?ﬁ-ﬁ'{ffﬁjﬂ%ﬂﬁﬁﬁﬁ,Jﬁ%iﬂ'ﬁf?ﬁ?%_ﬂfﬂ%#ﬁ*ﬂid‘ﬁ”éﬁ*ﬂ@ﬂf»E%Eﬁﬁ
R ARRERIGET. 2 TIRHFELT0 H BT AL LG N2

(3) M FEBT

%ﬁi?(symhon)-—ﬁ%@ﬁﬂﬁﬁﬁ*ﬁﬁi‘“ﬁﬁE%ﬂ%ﬁﬁ{%%%ﬁiﬁﬂfﬁﬁﬁﬁéﬁﬁﬁéﬁﬁ
th B 4 o B Y Hy e ”ﬁﬁ-?‘iﬁﬁﬁﬁ‘?ﬁf@fﬂﬂﬁifﬁﬂ‘ﬁﬁ?,Eﬂ%:“iﬁﬁ?‘%ﬁkﬁ?%ﬁ]
Ei‘iﬂW.ﬁiiﬂ&F!‘]\@ﬁﬁ?lﬁlﬁﬁfﬁfﬁﬂﬁﬁﬁiﬁfﬁmﬁﬁ%ﬁ??x?ﬁ%H*H‘Jiﬂﬁ}?q’WJ%W$
fir.”

iﬁﬁﬁ"‘é‘*ﬁﬁ?ﬁ*b&iﬁﬁ'Hﬁ*ﬁlﬁf’ﬁﬁiﬁﬂé‘*ﬁ?&»%*ﬁﬁﬁ??’:%¢ﬂﬁﬁﬁm¥ﬁs'ﬁ‘ﬁﬁ‘?%f'ﬁ]
'TJ.Q@%H’JHEFHH:E“I-féﬁﬁa‘?'ﬁ‘ﬁi-}"?ﬁ5}?H'D{Jﬁtfi’if*f%ﬁ*ﬂJLfﬂIi}LF}Uf’fﬂ"ilﬁé&i%¥E—-E.EME“)I
E’ﬂﬁ‘!ﬂl'ﬁ“ﬁ?%ﬁ}—f‘i‘ﬂlﬁﬁ.f’ﬁﬂdﬁ{]V\T%‘?@'@?EW-TEFU&JL?M%%@%'&%%E‘Z%:
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BTE WREREHED FHEALE

O - H-0 O-—H—N
O-—H--0 N-- H--0 A—H-0
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WEZ Co P Nd Pm Sm Eu Gd Tb Dy He Er  Tm Yo  Lu

Al Az* A3 As* Al Az A3 A3 A3 Al A3 A3 Al Al

182.5 182.5 181.4 181 179.4 199.5 178.6 176.3 175.2 174.3 173.4 172.4 194.0 172,7

§EA Ac Th Pa U Np Pu Am Cm Bk Ra
Al Al Af -4 Q-8 M-16 Al* A3+ A Az
TH7. 8 179.8 160.6 138.5 131 151.3 173 135 17h3 2Z22.9

HrF s.p HTHCHR 2, :ﬁaﬁiﬁj A3 R, ﬁ%ﬁ@%%f’ﬂmifgr\em 3pts.p BTEEL,H A1 M.
9. 2 3 ﬁ!ﬂ?*’é& g"‘é S% 3 & ? . a@w
ROUZIVMNHUEBOEF ¥R T AL 1 A2 f‘fflﬁ*i‘ijs 12 HO IR (6] W) B O B9 42 i BT
Bril 2, BB & mIEFR flin Al NEMSBE, R FRIAGIEREE A 255 ¢ pm, H K E
THHERN 127 8pm. [T A3 BMAPER, 24 EMNETORBEASSRIWESN, s P B
TR Es, B e MREKE IERFHTRERETERAOFE  —EREHH, —REE/
. % 9. 2.1 BRI BME R R SRR TR S, 846725 pm.
FREMREEE X . B EREEE. LR R0 2.1 hFFIMEIEL RN ERETR

T R B J PR R T R A B OR 9 L 2 e BRI T RO A B 12, 00 R A B L BT AR R
WP PAEEL,

—_— a_ﬁa{ﬁﬁ — — e = -]2 8 N . . - . 6 S — 4 —
R ER 1.00 0. 47 0. 96 0. 88

HEMIEBEA L. EREFERAERPRPOR LY - F O RE.

O R—HETRETERMEEFFROEMIEN X2 TRBLTESIIZETHEH
bl 8 7 R A, 2 42 fm oK

2y Pl -FABMERCERFERER T FRRENOTH IEATRTFHERE . FH
AT R T AR I T A L e RN

B MM TENETERERF RO A e RE TR UG EEA.E
TAEEA K, - TERESE TIPS . 8 FEREAZE d JUE AR e i 85K B 1
KB FREFTERE 5@ B TR, F A, LR SsREEE.
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BoE SREEEANR

(1) WETCEERTFRCEEe, BRin, S mFRbEm, Bs FREERAT
B4 HLE B, AR SEEE B AT e o oy, B B R R R T A RO I T4 /0 e 0 R e ge
WO¥. WA TANETFEEH La #9187 3pm TSI Lu #9172, 7pm. HEBFERNE L DA
WAFSEu 3 Yb IR FERERRN AN ERTREAMTES AR BRTHE 21,
Eu #1 Yb kM AEL R Eu® # Y KRR EF EFB LY LUAIE.

THAWBBENER.E_RKARNLE-KRABRECENLBR BEE=ZKARSE
TEBBE B TER RS R Ze #f HEND A1 Ta. Mo f1 W F 228 R0, AR
A BT E M Ru.Rh,Pd.Os Ir Pt 6 P TEME FLEMLEETHEUEREKRTE.

9.3 HemERMTER

A RFEFHSEHU NS RBENE G EL ENERY, EBRE &L B, R
BB NREEBRBA S0 EE, —BARKALERERLEE. & RBRH—
ENERUE WRAGEHNSERLE. ETTREGFORKEN, FRRE SR, BHEA]
I LR R R HE.

HASMENNERSHES. G- RTAN X OEREHRE. (DEREAFYH
(iii) 4 JB (B B AL & 4. A BIFN & BT A S b L MR F D e R At B B 2R
WEBEBEE ERAERRTFERENR . EREBAGHRERNRBER ERALFUFX
A RERTENERUEHSARRENERAGYRHARNYN, SRS BITR T
BB H,B.CNEELRTEBANLEY POFEERETHAERRETRRNGE R
OB B RR B R AL MRS TR I R B A
9.3.1 ﬁmmm% 2 %; -

Mﬂ*ﬁ@*ﬁﬁiﬂﬁ@iﬁﬁi HEWRIA— ﬂi%ﬁﬁﬁﬁﬁﬁ,,\ﬁwﬂﬁﬁlﬁ?ﬁﬁ% *ﬁfvﬂ??
i MER NE-RFUEAMESRYHE TREE, AR ELTHAERESS P ML
Bl OXAEMR T ERSRE EHE T TR ET.

ERERESSHERRETF TR =1EE.

(LY Wl & 8 70 B 7E R 901 3R+ X 00 B B Rk e T AR S e R Y B R B

2y HFERnEIRE;

(3) BRAKEH B,

HEEBRIIRMAELZ ARG EREAREHE. ST EER TR MR T F 2L ES
<1500 R RSN BHRN EETUER SR BFEER. Alun. RERTENR
Frie MR SR, AIME ZHIES R (LT R,

.....

Prr o

R g R
cep Cu.Ag.Au,Ni,.3Co,7-Fe,Pt, Ir, Rh
bep a-Fe,V,Cr
bep Mo, W

X P . BHgRELPITIS—HELALBER —REOBEHF&E, I, Ag-Av, Ni-Pd,
Mo-W.
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9.3 OaEmEEEMER

ERWLHEEARTERS, -RERMSRTHEFEATERG SR THERE
RFEF.

RS ERE DR B RE TE 8 1 & 7R o o i A
] ®O® #l ;s G
n T Agp 37. 8% (BT Zn) Ag #£ Zn 5, 3% (R Ag)
Zn £ Cu P 34T Zo) CuZ Znth 2. 3% (JE A Cud

X BRI A B Sl a R e AT 7P LR S R EeEw, T
Co-Au (RN LHHFTTE.

e ERNAPRTRE R EAHAFE TAHS SRR NGB R . 2RH.00
Jrh i 2R 128 A 144 pmy ERIR K. RS JR IR & BRSO, BB 8L H 3
FOEEEYSBEFERLZEER.

SERBEREGEALR, MRERSE,EREFERER. S RETRELLFR.Hitih
BAHEF. ERESMNERHAR—&F, REBAITET Cu-Au A Cu sk Au, ¥
FEFR O SRR X RS R A RS L REWIE 0. 3. 1) FTR.

9.3l AwCufkEMELEN
(a) TR Cu- Au,s (b)) HHFH CusAu, (0) HFEH CuAu

MEEHITRACHNEBHRHNE  EMEEFHIAEIABELRE . AIRETRABEKE
Bl E. SHRN CuAuESB A ERT S CELFREFL, 1M 9. 3. 1T
WS, Sk RN R X HEE Y o . BERN CoAu B 2B A BT
BOCHEAFEBERFE.BEHE 3. 1CONSEH, BAERBIUFRE 0 BM.

CulAu fil Cu;Au B RFEMEYENLE FNHERERBEFERAR.

WERFSNHGEMA RESIE - EREMEFAEEARTE) . ML R LR
. EEREBEER . 42MFEYBRESH 2R EA. AT BRARERE MBS
G &R E R TR 05U S B P EE LUBE IR SR IR AT S .

' g W T T

9.3 2 ﬁlﬂ:ﬂ?*“%ﬁ W%%ﬁ% o { g? ;% a w b e %Igﬁ, R

PR G R
FRASHYRAFRHIELEN, -HEHANBENSBRLEYYM. 5 —FHREERY %
MEEWYH. S TERARAENEREGUYHE, BESEMA L. £ E -
MRXRD LAARTAEEMERLGYDRNIERATEREB LA YIEE.
ERLEHUMPERFEI - RERETE S FTE: ) £BLSTNERT L — BT
THAMERTFENGENRRG) #2428 A SBRERANS BBy HE Y, SHEF
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BOE SRBGIWRIER

LR B B AA T AL AR S R AR S 6 , TOPIR IR T 590 & 8 20
45 THSS CaCu, B AT A MAE BT,

1. CaCu; S EME&H

CaCu, E W BEHE .32 PR () W HMEFEZEERHEN TR, Q) EH
Cu f1 Ca HFHRMKE B Cu-Cu ZEH FHME: (B ECEH Cu HFHARME,Cu-Cu

ZIAB SRR HE. Bl ELADHAATE, &
AEHEMMEFTHERNELTRERHICE,
Bl 3 A b RBHE—EHRE G MEEIE
Ald)s(ed R/ () F (b)) B A R T B30 2 0 MU
CaCu; B EESHE. Bdha LA FAEPEE ]
A CaCu;. EXEEWH Ca F 18 MCulR T E AL [
—EH 8P, Ca-Ca BB H 204 pm FHEFHE R 6
A Ca-Cu FEE B 327 pm.

T A5 E M B0 LaNie ,LaCo;,CeCos F R4
¥ H CaCu. tR[A].

2. BT EY

SAEeRLBAMHEGELIN — TS BIE AR
GERR BTHEWHARETEANRT Y
MER MM TR BB TR

TR BT 73 VIR MR B T
0;Cu, Ag. Au X 1:Zn Cd . Hg X 2: Al In.Ga B
3151, Ge Sn Ph A 4.

Hume-Rothery B 53R HX B 0 2 B FA0 & B A ] LASE B EATT B 2 7 SO I T 3

ZHEHEERNEEE . & 9.3, 1 R,

B 9.3.2 CaCu, 824#

#9311 FIMETHNEFHSAEMNEN

SR

i { ; 2 21 z
FF® 2 13 4
R R ‘ ;f [L’f‘[lj; B-Mn B vEEH "i’fﬁﬁ
o i CuZn Ag:Al CusZng CuZn,
: Cuy Al CusSi CusAl, Cu,Sn
\ Cu.5n AusAl Fe.Zng, AgZin,
: CoAl CoZn, Ni;Cdyy Ag.Al
AgZn CosZns, AusSn
e AgCd Nas Phg AuZn,
AuZn ‘ Rh:Zy, AuCd;
NiAl Pt Zu,,
FeAl AgsZn,
Cuylra AusZng
Ag:Hg,
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9.4 [k mE K4 AR

';&‘

9.3.3 & MEBLERH

ERAWM. K BAECEERNWLEY LS BREFEFEARERAEHRE R H 2
B, T BB RN S B RE T A BB &, I8 58] B A A 3k 1) B ) 1A

AIN BENT ZnS BIMEW, B REFEEATERE MEE FHAENRE ST,
FIEFRBIE T2 R LSt 85 . ScNLTIN,,ZrNL, VNLHFN, LaN, CeN, PrN,NdN,,
NbN.TiC.ZrC . HIC, ThC, VC,NbC, TaC FHE NaCl AR . A2 BIRTHEES T
HRLNERFARRTEEATGRASES. Fe N SHF BRFHEIFRERA AET S
AR SRR F A AR RS B .

EERAE Y EE T HRE:

(1) A& R4S a MR, KBEMB LS PR NaCl g,

2) BEREME SR ANEE, RO RBRESEE T, W0 e/t medsR
KA L.

() FHMERF FERAERTF-RGSIEANMER. HRR TR BREFEEEFL
8.

9.4 kg5 RTER

SRR E B R AR R IR b A] RURSE S (8 M i LA R TS R L R AT
REZN. BT RAFETEEBA THEAFNFECE . AR TEAR-FHEOTEE QBN
YoREREREEN REMOERPIREN BN ST REHEENS S IE I REL
HEFERAHNESZ M ThaSRRTARNEE  RREN e S8 HERARASR.
EEHFHNERRGFT . RESREH—E2RMoTEE. BT WHERAELERD, S
F R E AP RREEH E—-Eo T —RESH 107 Pa KSR T RAJLEHE
REWR B £ — B VI AT T R WG AA R R B H i/ K S BRI B R A Z# RA K.

MABAEKENARMEHE SRS FIL EENASE T BME (FIM) R 77 45
(LEED) 550t 788 1% (UPS) X ST E806 B F 8818 (XPS) R B T i (AES) B F RS %
ASSY i FHER MR (EELS)FF. AR LT EMRERMER. . BENFE R XREZMH
HER MR T ACE R RS A R IR, A SAE MBI 9. 4.1 FiR.

B9.41 ERERTETHINR



HIE LEMEWAER

HE R EXE EETHEERERAGR - ELSESHTEE - . MELFARMAR
W h s A IR T (adatom) L & BB I0 B T (step adatom) B JR T & B (monatomic
step ) & (terrace) . 43 25 {if (terrace vacancy) B R F (kink atom) E %, X ¥ REH FIE
THAER, FERAETINRMUEARR L. MR FRECEDY, FER-FREAER
T AFAERALEREERLBEMRNET MEAXKBRERET FEETHHERET. Q&
REBRM T, TR TARR, R EHRMELEEENRE A . HnETFREas
M EARYENRL . HEfMREETHERAMIBERAER.

IR AN R REERM 2T RSN e OEE RS FEXE L

AT A S EF 2T 2R N NiO, La,0,, MoO; %) #l £k 2 (4 NaCl, NiSO, ,
ColCLS) SREUN AL, BB, 7 FRFIES R M T HECHESRETRE, 14
WAMAEKMEARERRE L5 ESRRRE. MR8 E MR AMIE, EXTX
FMEHATD BN MNAST T EHRE. BT HEALYHEXH=ZHFTFHE
7B TR R AR RE BRI S B A A0 0 2 ; IR B S fk M Ak 2R 88 B2 A
V] A0 2 TR TS SR 224 99 V) 4 1T S 5 TR0 R S PR R 0 S R R B S R R, IRTAR A AN K
XM EARRGLARERA SN FUXAHEEEERER P ACCONITRE, Z#HA
o AR R

Sk A R 7R 8 (R R A B R AR HCH I & AR LN SRR B & R T A
5 S0 B ) o R B R A R D R E AR R X AR E R L.

3 &

9.1 ¥R RKMEHEAZENGESE. ZERTEZNBENAKANS. PLATSAER. . F.LE
FEMRE . PLEMESERMEAURPLERTHREER.

0.2 H{E%N R GEEREREEARESHE, R 0PI A KBS,

9.3 ¥RHRPMERBARE=AEZH A S LB TAREER.

9.4 BN RMBARERR A3 KEH HHHEATRREE B c HYAE.

9.5 FEH¥ERN R MERAERE.CS FERP, ATESRASEFRNEE R 0. 154R #1/0ER, 0 &
SRR AR Y 0. 291K BI/NER.

9.6 HHSLHREREEHIINEIRFEBIANAVSBYER SR EEH.

9.7 Hd Al BH AREEHARERENEREN TSRS A,

9.8 WHIETEG ~ (R AL A2 ] A3 R & B 1% 1R 55 W A% 6E.

() T EBEABER AR S8 EH A2 RS BT acbr i,

(b SRMHBHEMXNDN  TRPLAGERRFESMETADMSHEE.

W ErARRARE ARAE BRTEFNLGER. SRERSF TERHNXRL RS B SRR

9.9 HHFRAREENZEHEANNSKERAMN, HHABRET.

10 HFHHHBT AV HSH.2HEOIDL, QOO0 EE LAR T8 8 1,

9.11 SBRANM AL HEHR. T HRBEH =392 3pm, PRI B FHRE L 195. 0, RR S RANSE
BRI T,

9.12 MMHEAWMSAAHEE.S BN EER 117pm RENFRSE . ARERDREEK.

9.13 ERMERENAITEERAEH KETEEN 6om KITERBNATRERSRRSHEE
i
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33 #

9.14 BAWMALTFEH FER 2.7 - o IR HERNGREBETNETER A Cu Ke HEER
it .33 MR OmHRAES D

9.15 ERMWAE LY FEW .= 429pm. 3T H .

(a) Na F-FFE;

th) &MU PILRE

(e (110) T B E AR,

9.16 ZRMEAELUHFEW . a=330pm, R,

(a) Ta FIR-FEER;

(b) &BOHECERF (Ta OHAMNEFERE Y 181);

(ed C110) FE e .

(d) FH A=134pm B X SHE&. AT 6 45 07 220 BT 0 0 OB R £ 207
9.17 GREER A3 REEH ENETERN 160 pm.

(a) Fo BRI FT R A2 | o B B A R X R

Chy & B JRCF A9 4 B AR

(o) HERFHSWEM MR HESEEE/RER;

(d) 3K dua8.

918 NiEBUCIFZR. RAMEBH a=2352. 4pm, i Cr Ka FH (A=220. 1 pm) 8 A E , 51 144 0] B K

AMERHTHEELHLTHA @OHE.

919 EMEE N K A BEH, FTREMEEY 219 2pm AT E

(a) Ni IERE R Ni 9 S EH,

(by @ ® (100 . Q1O (D EFEFHHEH 7.

9.20 £REKRBIARR QOO SABHEEAEMEEY 350pm, BEBEE R 0. 53g em P, WEHRF M

BHR FREBMMZERERMAFSERA (Li WENEFRENR 6. 9410,

9.21 KEHSAORHER ARTEFTE S BT ARS8 a=648.5pm.
(a) SRS &8 Sn B FHTHBE;

(b) BiH Sa R4

(o) KB WHE RS 75g «cm™ 3R S B3 8%H R F /&

() AR F &R a=583 2pmac=318. lpm, RIF T 4 Sn BT B HREHHMABHET K
WOERREERKT . ERWRT?
{e) F18F Sn-Sn E MG ER A 302, 2pm il ML KB A M B — RSN ELER

%22 H- -HAEEEEFCOTBUIn U GRE) . RIEMNFE NS 5g oo . BRIEE T F .0 SEEY,
WP E A MR Cu B R FHE 635,20 65. 4.

) RECuMMZn B S8 BRTE S8

) BrRRTEELMNRBREE LT

(o) ShE B Ry

) HEHRTFHEFEREXT

9.23 ACu BIFEHRTYTRER SRER =380pm[ WA 9. 2. 1) . EEFEW NN FHE A
AN ESEEHa OHETNON, BRADEERE . EEE,

@) TSP arNANEHEL:

b)) AREAWHABFAL SHETRRETIRER,

(o) MR 154 pm iy X STERIDMAR D, 1 W 1 kR 180 3 55 by AT AE7E % 3R 8 b W BLAG T 4T 2R B0 B/ 51 78
(OVEAH.

9.24 oFe MY-Fe FPBTERLLIAEH bep) HE LI FERCoIHBRAY HENRETFEEN
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FORE gROGBMNNER

124, 1 pm J5 B BEBOFE20 127, 94 pm.
(a) ¥ a Fo.
(O FF AR TR RS T Y
110.200,210,211,220,221, 310,222,321, =+, 321.
2 W B Bragg i 3 R 849 6 B o R 8E
G EHE MNP AHEN Fe RTESHNMHARNER GCHMA .
(hy & ¥-Fe:
D EREREEMNT M
G EREEEETHAERN AR TRERE RS B EAHENRET
B R R EEEER,
0 W E RSN .
9.25 FEBHEET hep &M, EFAHEHR 160, Opm:
(a) B doss
(b B ZAESSBRERENHTRFAORER A0 L HRHSENTARMUE G0 ZR G
B HT SRR
(O BHZSKEHEEERSRPLEHENHTEAREEG A0 M T Fr AREMEEE),
FHHEA O T HRH ISR EERRR HNEREL

$EXWE

1] ERAVALAE . ESE BEAVEH AR AFEN M EE RO REE, 2001

2] AR AR AT . SRR % HOR B R, 1990

[3] RAHBHEG B YT EEERERENEXAESHRATA. ARBFER. 1,642,
140

1] Xie Y-C (%) Tang Y-Q (BHH). Adv. in Caralysis,37,1,1580

[5' Emsley ]. The Elements. 3rd ed., Oxford; Clarendon Press, 19498

', Barrett C S and Massalaki T B. Structure of Metals. 3rd ed., Oxford: Pergamon Press, 1980

L7 Wells A F. Structura! Inorganic Chemistry. 5th ed.. Oxford; Oxford University Press,1984

4l Mak TC W (FHB) and Zhou G D (A2 ). Crystallography in Modern Chemistry, A Resource
Book of Crysial Structures. New York: Wiley, 1492

rg] Greenwood N N, and Earnshaw A. Chemistry of the Elements. 2nd ed.. Oxford: Butterworth-Heine-
mann, 1947

0] Coton F A, Wilkinson G, Murillo C A, and Bochmann M. Advanced Inorganic Chemistry. 6th ed.,
New York: Wiley, 1999
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FI0E BFULAUNESANLE

BrUGUREHENR FTEGE—RBEANLEY . E—Bua it &R TE
SUAMEANEERORECR. ENTAEGYT . SRTEAB IO L TERAFEER L
EEBRAEEBEMNRTESHNEAS T EAR PR G L ETHK, 10 NHY NOT,
SOI” % EMETFZHABBRMEANSEE B, MERMLERTEIN TR UETRES
ML e TIEARE . UEE IS THESE S R ARENFER T RRERER.

10. 1 HFHENETRAZHER

s TR AN LI E RSN TRELRE, £ 1011 RAAHEEESRNSH
MAEREEN. —BAEFFREXR. B AE FAEESFRERHFTHEEM WIES THTH]
BHAMNEERSHEEABESHZ ;AT EEEE FHITEER.NETHAOSERZ+,
10,1, 1 gy CaF, &,

F10.1.1 ETXLNETFRENSEN

EMMERM S cep hep

SR AT K2 B NaCl Nids
5 T {5 B CaF,

L Lt S F ZnS A TF InS

S AR el

Lo s CdCl Cdl,

2

B0 L1 R EEEAEENEBENEEOEE. RES FRENHEE. A SEEIETF
HHAR . AHBEEEHERHEBER . ENREEA—HY TEAAVNERLTEFHEDN
4ER.

B10.1.1 EJCES OB & (D)

319



BicE BEThHaPNEGHELE

1. Na(l

fF NaCl ds i sih , ER B FHRCFRER, EAE08 5 6 BR AR KEN. FHLUE
FERRAHEXFRCI-BRENHEMIER A.B.C FR . Na BB B a,b,c R/,
NaCl gl A8 7 MR BT Q1D T E A |[AcBaCb L 5% “ nB TS W &
gipim NaCl B, @A A DN RBYEFRIANBRECRB. MERLHBER. EIIHE
R T EHENAE N EATAERAER, B 10. 1. 2 7 H NaCl B REMEH.

(4} (b}

B 1.2 NaClBIBREEsEN
(a) BIEW,. (b)) FEREHET

2. NiAs

7 NiAs SRR NUR As WA BUE RN 6.8 Ni R4E As BT BB B
W AT HAOR L T As MIAR R Ni B S TC AL S AR R R B R AL M IR R IR TR
FRA LA I BUR ST R LN | AcBe . 78 NiAs 5L AH 2 4 N BF R ECA AT E
U EAEE M NiAs B9 RS (a=360. 2pm, ¢=500. 9 pm) T LUK H,NI-Ni B¢y R %
250 pm. 54 85 P RYEE B — B NiAs @ 05 69 S B . B 10, 1. 3 7 8 NiAs 554,

M 10.1.3 NiAs fI&E4S
| ER(CE NI, EERAE As R 2 As FRIBA KX

PR
k]

11 1
13!3'-]-!%]3!

WIN

3. Zu$
ZnS WIRRE M B IE ™ MER SR, Zo’ A 2 I k2 B2 9, T B et E 4 (R)

T (7 SRR VO T A R 2t SRS T e B A A . S O ZoS HhMR S* MR I TR B
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10.1 BTHENETHAHEHHA

HERENERRA R | AaBbCe | EMAE 10. L 4@ AF IS EHRE S AAFEERR,. &
WEFRZ Mm% |AaBb . Z5H B 10. 1. 4(b).

@ B 10.1.4 ZoS g Rl
(1) NI ZnS. (b)Y KNF ZnS

4. CaF,

HBOCaF ) MBEWAIEE Car kv HFREREHILF HELTHNUmMAE ST 50 R
B 10,1, 5.

5. TiO,

FOATONREFRR DB, AT LM EESHR
A2 — ZAERP O IR EAF ERBEN B
AT S o BEE T A — e i {2 L W O
WIEAT S TETIEABE LM Tit . A H 6 BD 0L B | R %
ERE. BN TOJIAREHMAD 2 PN\ BRI D ERERK
AT THEMN VSN EE T BHEAER =%8F

ﬁ%. @é‘fﬁﬁ‘]ﬁ%%*@ﬂ@ 10 1 G(ﬂ) v@(b)ﬁiﬂjﬁﬂ’fﬁgﬁw E 10.1. 5 Ca_[.r2 B{Jﬂﬁ%ﬁ
M EHE A 4, W R B

H10.1.6 TiO (&R IMEN
(BERAETL.AOBRRED

6. Cdl, #1 CdCl,

FILLIGEUTHAGEFREEEN BEFNBEM—BAGRASBSH. . AHSE
B L. CdL BCACL R ERAF . EMNEHRTE 10.1. 7). # CdL, K& BERLYFE
EATEMHFFAERI EATBERR.CAOEAR DS ATESRP, &2 H0E%
AcB AcB AcB.IE 10, L. 7)Y R . HEE A A anH 85 ¢ S B BAC, 408 10. 1. 7(e) iF
ALCACL &R Ol E L A RFRED.CAT B — B HH P A A GG,
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Flog HTHaYwNEahs

i B R N AcB ChA BaC. Cdl, #FH R WG RCRSE TS Z 83T  AcB AbCH.

% ¢
z A
Tt B
1* ., /* ~ ¢
Al NSNS W N |

(a) (h) (©)

Hi10.1.7 Cdi, BN
(uy Cdl, ¥ CdCL B4 (b) Cdl, A . (o) Cdl: BT R

7. CsCl
R AR B TS TR AR SRR CsCl B, CCl 5
WEEECE R By M, GGTIHASZTERTS BT A
CsCl SR EEM S BRI ARME Y .0 A EREFHEMAK
B 8,8 10,1, 8 78 tH CsCL &5+,
CaF, B RE 4 FABERE L F RGP AT
FrASsE R, R FCa B D - MUE - EEHES
(6, LA — 18 7 77 fR 7 BRAE Ca'*, Ca’ ™ b 43 i 40 #F M ) 1
51, Zr(y, % CaF, B0 WAB 5k O T8, = AR E
@ 10. 1.8 CsCl K4 B OF BRI R, ST R .
8. CaTiO,
S (CaTIONEM AT ER O M Cal — A FH T 7 BB, AR L 57
7 SHRB T AU Catm ELL A OF L TU R SRR E, a6 O HRm/ A\ mk
drmarhl (ARG 4 A E RS CERE L AARR 6D O, Hib i s ANAERE
B ER Lot 4 S OF R 2 A4S Ca® L aR). B ML (A 81 Lo, 1. 9(ad iR, &0 f IR R
BWE T ME.MOC A TFEATL,Ca RO HE. AHEME B D IA 10. 1. 9(h)
BT 715
EHATERLN ABX(ABRIEBEF X AAEPNEGYHGHETHET M. &
1717 S A3 S 0B 4 BT M S A B H R R BEAE. 4N ReO, BYESHITT B 14 CaTiO, 45#Y
T Ca Br £2E R SH-FRMEH, A 10. 1, 10@ R, MBI W ReO; #E# 2 L ReO,
A S P PR O S T ML ) = R
WO, (i H N ReO, #AL.IHETF W ABEHUAEHPH RN S HE S THEAHMIF
FOR VLA S R RE LAY MLWO(O<s<<1) MBEFE I Na" S K. XFFHE W
MW MBI Lay A EBRNEE R hEHEHN K5 WA 10.1. 10(b) K.
FARLYHANBELGR, TASRTRERNHE HEEUARFRETES N
BT ALK R e D B S SRS TR .

a2z



10.1 BYREsdT Mg

alle f el
pr °
¥ o
(a) AR TR by BE G

B 10.1.9 CaTi0, 58
CE R ABERE Ca' NEERLE T W HERLE 05

}j‘ O Re
~
O @,
0 i

(a)
B 10.1. 10 ReOQ, ByE#(a)F M. WO, B &)

O

P
Ly
Y
S

O

La,CuO, BF - THABNKBEAYEHE EHAESUABHESHRT HEHE A

AR A LaCuO, B RFLERS  FHEETFTEES E 1 MEHEEZEA B B La,Co, B
SR LS R T B 10,1, 11D h.

(a) TagCully (b} ¥ Bay(u,0

10.1. 11 LBEPpEFENEN

(€} ¥Ra,CuwO-
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$10E FTFLGHHEMLE

Y Ba,Cuy0; #l YBa,CuO; Mgk S/ FHLUGHRT M0 BASKBERRUN L T
O FF R YCuO, BAAHR LS EX ETEEE T LMIE)ZM B B & KA BaCuO,
Pfu . A A — ik b e O B P GBS F R AR AL WA 10. 1. 11RO TR,

10.2 B RHUGERE

10.2.1 REMEWHRRNE .

Bl 559 BT R SR RE R Kb R . 5%&?%?“1’[ 0K Kf,1mol B FaihEyIER
BT HERIENSE E4EETFREMNFRREMEER. AHY R AER, S EE
UDFM T F— MBI R R,

uME(g) 4 AX*(g) — M X, ()
AR RAE TR, AAMEE.
QS S AP BB RS R T h, SRR AT DURIER F R P E-T RHLA
W7 P HE R e MR Ll R

HTIEERE S AERER D EC O R SET RN G L fHET (R e
e R MFREER SRR MR R TR FR R E R EE. .

RECER. EIFERZ e MZ de BB r WRREE T ECERME e B
(Z£_2(Z. et

€ = ey (10.2.1)
3 M L B R R R, BB T2 ALK P A PR R TR AL A HESF BE e O
&, = br " (10, 2. 23

b o B R E
Ak TAETHE - SRR HEN. S THRERAFFERS T REREH

HI. 3L NaCl B Gl @, 1 88 S0 b 38 78] /E R RE AU 18 0.t NaCl iy & i &5 ] IS
N fi €1 ﬁ%ﬁngﬂhﬁwj » I8 Na' BB

6 MEE R r 1 Cl

12 MEES S v 2+ B Na*

8§ BRE R v 3rgyCl-

6 AFEEN V 4r#) Na*

APV 338 M Na” B F HECIEREE cNa™ A

Z_Z ¢ ____é_'.__‘g _8 2‘?_ -|
E(Nl P——T"E?’ { +\/,_7 ﬁ_i_ ’{TZ + J
Mk NaCl By, 72, /72 = — 1.8k
L Z.Z &7, 12 8 6 “j_z__z,, & |
8 3]
Ao AR

\/_“ ﬁ__\/; J IR Madelung (S B F ¥ Lhr B5&
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10.2 BTEMmAHEE

WEREGTHE A EHRARE. 508 R 8 &, Al 3 {f 3 o0 i bR IR 0 L B B A B 5 O R
THE HESBRESY . TR ELIHEANNEFRE 1B EME /2.8 LB 1/1.T0A
FRIE /8. T HEMEIE 0. M. KR 26(=1127. 88 pm) 8957 7§, H .0 Na~ fifeNa®™
A 3 B AL

¢ 8§ 1\ 1/ 6 24 24 |
Ly | - = 4 — — + - —
IR Msﬂr[ 116 f‘ + f_)+ a N
1 12 24 ' 1 8 J
iRy
T L e AVEY:
== 47‘:5 (1. 7518)

AP A U P IRA A  Madelung BB SEHBIE T 1. 7476 X — {1,
HBE. - Cl , EECHEN

el = L2

1mEe.r

g1 1 mol & Na*#I L mol B Cl™ 418G E T, Na™ 1 Cl 893 B ¥ & N.(Avogadro &
OB TR —-BFHHETRR MEL 2,57 KL

(10.2.43

N, Z.Z ¢
_ A¥a Vo L L ¢ :
E. = 5 MeNaty 4 e(Cl Y] Iner AN, (10. 2. 57
il 1 mol NaCl G & FRHEFEE N
Ey = Br-™ (10, 2.8
HHLUF L mol NaCl &k, S 836 @ ¥R
- Z.Z_e AN,
u=—'bc+ER:—”'E;r A (10.2.7)

v BAREE - M. AA RS BAEL B R RAEN HLH NaTf Cl IR N F&ER -,
4 iE)

[ Su i Z,Z_ AN, mhB

- —_— e — L T = o
!I'. 8}" ! r=r, ’1—]’[50?"5 r:’ -l 0 (10- Fn 8)

m IS
Z+ Z_EzAI\'?;\

B - ;rn:‘_l.TEE‘D .?':'_] (]0. 2- 9)
AL, 2. TR B8 NaCl BB F S & e
Uy L2 2=CANN 1 (10,2, 10
4me,r, \ m,

P o TSR EGEVEE FRB. Pauling Ay m REFER F B FARTEL, HHH n
AT T

WA RS He | Ne | A Cum | KrAg' Xe. Au*
r 5 17 7 E 9 | 10 12
NaCl S48 m HOTH 7 O BT H {3, B4 me =8 5. 38 NaCl 5 59 25+ S 98
(7. =12 =—1,A=1.7476.r,=2. 8197 X 10~ m) J& H{t & ¥, # (10. 2. 10OV B 78 & g
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BlogE HFEeBwEHLE

[7=— 753k] - mol !

HE R 1 HER IR AL 23X K
7.7 £AN, { o
E,=— 2% 240

qme v,

| (10.2.11)
Ao d B N TFREB R .o H2R 031 X100 Yim) HKEITE S BRERK
T2 WAl 1mol 548 Na ' # 1mol <048 Cl™ 4 % 1 mol ) NaCl Bk, N M TR (A1 g

FeRED IR TR Ky

-

- .o T AN, . _P
(] =FE.+ E, = Tner :J (10.2.12)
e Nye, FHEREVRSEAELATE. &
¢ p \:
U=—1.3894 x 10 7 21— 5 (10-2.13)
rt ‘ F. I
FEC10. 2. 13033 B NaCl 8905 BERE
SN e LTare fo 0 G.31 %
i = 1.3894 < 10 53197 % 10 mll.,l 2.9197 )

=— 766 k) » mol~!
M X, SR ERBEER A Q0 2. IORWE. b T RIERE SFRLAAN . A X [,
U1, 2. 1) A8 Madelung B8 ABRFEE T E FORC. OFET o 0 AHE &
Lo, 2.1 31 i JLFp &4 8 B 0T SRR B Madelung % B [0 R F (10, 2. 100 .

% 10.2.1 Madelung % % {§

2o AR : A
Na(l ‘ 1. 7476
(] 1. 7627
WA ZnS 1. 6381
K InS L. 6413
Cafl. 2.5184
T S LAY 2. 408D
a-ALL 0, 4,172

W | B S EERERT LW B R AR — AR AR A, B A0 6 AR T T A BB X 4 BB B AR T
M gg /. & 1002, 2 PN E T o0 W E S B s R SRR R B8 (BT . kT + mol™0).

%1022 ETR4ASHNERIERLE

B & L R | e FAE | AR
CoLF | Z1eoo 180 TMT 16 +16 | —1620
NaC'l \ - 860 +100 - 16 + 8 i - 768
AgCl — 875 + 146 ] —121 + 1 \ — #46
Mg | —a634 ~699 . — & +18 | —30s

ME10.2.2 P HRARAT R B FRA SHERMBR . BNECERES 2. M Z_ KR
PURIE LK. X L1E NaCl 1 AgCl 6 5 FFRE A0 43 BO VT WL, AgCl M8 R 4R 30 K IR BB AL h BB )
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102 BEPREA AP

Ag XAl R AL PER M Cl- #tk{b e A XM FRERA—ERE. EFafER DA AR

R AA EOERREA T P AEMBHE IR ESERARZETRNAE.
AHENSETUBERAEE — S EE S L RHENE. F 0 NaCl Bk = e

] @it FE RS ) Born-Haber (38 B-08 {0 EH I E.

Na(s)**‘%‘Clz(s} AH:  NaCi(s)

cok

gy Lo G (g +Nat(®)

! ; ’

Na(g)
Na(s) — Na(g) S(HHEHY =+ 108 4 k] - mol?
Na(g) ~—= Na™ (g) + e TR BEE) =~ 495 0 k] » mol™!
—‘2—c1z(g> — Cl() DOURSEERED = + 119. 6kJ » mol ™
Cligy 4+ e ——=Cl™ (g) Y FRAEE) =- 318 3k] + mol' !
Na(s) + %Clz(g) — NaCl{(s) AHCAE R = — 410, 9k] « mol™

U=AH,—S—-T—-D—-Y
= (410. 9 -+ 108. 4 + 4985.0 -+ 119. 6) —+— 348.3
=-— 785, 6Kk] » mol ™!

i ERBRAHE R RN A FFT B e ESFN AHLS,D FE 298K H 8, A ik
HE XHER OK WHRMS. XRAEZE—BR/PTF 10k) » mol*  H X/ FIE I &0 AR 2
EZMEAL . AFERATHIITET.

R4 Born-Haber 3B S BREAREZ AR FRMUBIBUIE R E2AER 153

Witz d =R BERRRMNER T EEFSGMRF BT RSP RN A RERE
7.

1022 ABREREA R o Fe R G b e

et ret . Lo e T
ATl P

& a7

(5 e S 69 OB B4 AT B4t Born-laber 53R 18 .75 7 21 FE R 69 08 300 JE F 1530 5040
A 5 i ny B

1. HHEBEFRINE
A% Born-Haber (¥, M@l 3L BRKEB S I.D,AH, R SBRESASE. . A LLTES
THRMEGEY O8E. AIPCRAR FOWFRAE WTRARMKY E
Odg) + 2e — ¥ (g)
W ARAE MO B9%E88 . TR B RS Rl SR WE ST, DAH, FEE R RN Y 4.
2. RWETHRMAE

FEVE NH (g)+H" (g) — NH (@O WRER B P, T # T —EHRE
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F10E HTLEwRERLs

NHCI(s) —= NH] () + G (g)
Ir
AH® NH;(g) + H*(g) +C17(g)
I+ Y
NHy{g) + HCl(g) —~ NH;(g) + H(g) + Ci(g)

AR NH, 4 TR EFEFEEPER —895k] » mol ',

3. HEETRRACEE
BT MR BRI ERN 1mol RSB T ARBHERG SR BRENER, B

T--RAEMBE AH,
M* (g) + H,O(1) —— M(aq)~

A, #oR Nat @9k b ol R T — 1535 . 58 NaCl BB m e SRk, EaEE Cl#Kkik
Wk v R 18

NaCl{s} ik Ne*{aq} + CI" (aq)
—ii ) (aHaq)Naf I
(AH,)CL"

| +aq

faq

Na*{g) + CI"(g)
TRANE THETETMKEDS AH K] » mol ) RIEE

Ca®™ (o OH CN™ NGOy 10,
— 350 — 510 — 345 —310 —225

Na' K- Mg
- 420 340  —1960  —1615

4. REFREFLF R R

HTAMERLTFEASFRMAMNER. MAEARNFHERRE L BN THE TS
Y HESESBENHBEREEREERINERTHER TRYERH MM AETHES.F
B 2 %ﬁkﬁﬁmﬂ?ﬁzﬁﬁﬁﬁ%mﬁ%mm S MBEENEEFER THHEENAET
M4 MR EEFRARENAETFHEGS ERINETENTHAKRAR SR

TS XBTUREER FRBREENETAEY Bl
KF + Lil3r — KDBr + LiF

Na,S0, + BaCl,—~ Ba%0, + 2Na(l
2NaF + CaCl,—— 2NaCl + CaF,
Na,S 4+ CaCO,—— Na,C0), + CaS

5. FRERTEEHMENR
HATAR R E T4k & 87 .- Madelung ER A S 15 2, Kapu‘«ﬂnsku(‘kj‘tﬂrﬁﬂiﬁ)%i*

£ 4R E S PRAE UGB ck] « mol 1)
U =1 202 % 10 7 Ex )57;?‘*1);1 3,_4;_51%_']
I—i\ *1(;1. Li)%{h It*PH‘JE?ﬁ Na(l yg 2, (_zi(_i }'J 3, KCIO %j 2, r,_ﬂ] %EU%/\EE{_L

328



10.2 BEFgmarkge

Wy IE SV F 9 ¥ 45 R m.
AR FENE TSN SERE AL UHREEREEFHETF

BB FNHBAFERL . AWM KCIO, M U=-531k] ~mol 1, Z.=1,Z =-—1,%r, +r
—r. . i _
— - o -1
5ol = 1.202><1o?><a-1u3.45><10

= ll p
B R, 1%
r. = 3.69 X 10 “m = 369pm
CVR K W95 133 pm, FRUL B CIOT H92E42 4 236 pm.
MABECRBFTETFHREFE L. H0W0.8F, 228pm,BO 191 pm, CN 182 pm,
CO¥ 185 pm, ClO; 200 pm, MnOJ, 240pm. NO; 185 pm., SO 230pm 4%
10.2.3 %ﬂﬂﬁlﬁﬂ *)

: o i o
S e - FRAE T . - i

wﬁ*"f&'}%?k’*%ﬁﬁdﬂa%#m Tuﬁirﬂﬂﬁﬁﬁ}%%%fﬁﬂﬁuu&tﬂﬂ aaﬂ&éd@rﬁ‘é%}?wﬁ
HEEMESNEERASS, RS FREER X REBERN. SRR AEENE T
BB EREWERRNEHARINIE FETEETERR B TREN SRR, 5T X
MEWXR ENELSERXAS . LA FREACEEE. AREESHRRE Yy SANE T
IR K EREEARNEFLEY. LSRN ETRE 2. BFRES TR ER
i T IERRRANZ -, HTEZRRE PRI R R X REHRAIEATR
4.

1963 E W IR HI D EHERN AR BEN TR IEHE, AR TREN
OEFHRRAL, DR FHBERURGDRENEERBEANER MY, AELMHE&HER
Fr o b2 i A R0 T A RS N 60 R TE .

VA7 A 658 6 5 4 T 0 Ay o83 BT F S 060 LU B i S AR PINIE. TL e 1 k4 0 £ £ RO A I B M Y
TR ICZLIH. BN rAg zeBEH dAe- 5 X WETHEZEZLXOBERRE] &
50T Bl o rcAgT  ma MBIE M AgF B Agl RR A/ IRE AgT 8B IR Qs pr) M A 3 Agl
me B Ag—-1 IR B 281pm, 54 9.5 1 PEFFIN Ag fi 1 M6 E B2 M(153pm—+133pm=
286 pmY S X 5 iR i 2.

F10.2.3 HHBHENN SRR

I [ T
e s ) ) L/¢kY « mol 1)

AgX ‘ R | di(*"‘)g X XD | rAg dae —— —

l t P ] b P S | HHEME 4

N S | ] ' s

AgE T NaCl A | 26 1 188 [ L3 954 921 33
Agll U NaCl® w1 s | 96 904 833 71

| '
Aghr 1 NaCl® 280 | 196 | 93 895 816 79
A zas® ] ast 1 a2 61 | osas | 778 105
(1) #FFEL

HTHORARERFEGFERS . JER -1y ST ENERENERT. TR
SAMHOCHERERTZ . MEESTEAE B TR ERR R TR, 8 7R E
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F1oHE ETehmatghE

THE fZRARA SR EERER b, XEmEsER, xmERAT M HBESERE
COMRR « REE W 4.4 TETR.

EREFERATRIL. CEEEFED BTFEREEE. AR MERBHH
fLh RSB TR AEFRER BTFZESER . 5L . Mk A/,

AR RN S R A T B MRS R R T A BEE R
FORSER AL ST 0 X bR R TR ANE SR T AR G| A A R AR R R LU
PO ORI (R E AgX WIRBZA BB FRALHENE P Agl CEBE -2 H P K
BE R Y G AR NI EEY TRENRE LAk X.

WFH ABHERFEAARELEMARTEFEYNS Pauling BHLROME LKA

HTHHE = 1 — exp[ — 106 — %))

Ao W A5k ACB BIEFRYE bk, # W, HLFLCL Br, TR A S 308 2.1,4.0,3.
0,2.8,2. 3. ¥t AL T8 B HILHBe JHCL f1 HE g8 g FREM R4 981k 4%4,11%,19%
1 60%,

(2y BF AR

—HEFHERAS -FEN . EERMLSPESHNENAE X AR MEHAETRAe R
PR AR L HUSEENE. RO BYRRE Al . E2RAEHP, C-C ZH
HWERENENEBERR NEABAET HTEHRAERER ~ B X8 FHORENER. X
SRR ALENNEBAAL Agl FER A ERT ZnS BE) V-Agl, It S IEE
MBI F AL A S M e Agl, ETRERY. ZIM Ag KT ATETD BHGCIFTR
PR BB T Y i R AR P AN T B . - Agl S BLRER Y-Agl
R0 R A — R EENEREEF AR T, RE NS RERBHREA
WL ER ARB AN EE HEERT AR

(3 MIEBEMNESR

GAE dRESNEROESFT AU REHERABRN L ZEXEERTERNET A
. -MOTEMNRTEAFSLE P TR HAEHER  EEZE -5 T —METE
HARERL

BHAESECADNRENS EHESYNEHNERE FELELNEN X REHIL
HEHRNEENEZ .

MR LR FhEYF . TR FZHREREREY R G MU ZHEE,
BRI LB AN LER.SIETFENABN A LR . BRIZRA XD
SEMERE R REEA AT UEES TPEARNSG . AR THETHAILES,
il 5755 et A5 (81 B9 R 51 f7 hn 3, F S RS AR S RE B AR B8 MR .

10.3 B/ + % 8

8 PR S E. AR FRAEERARIIABE FHRIINZRFaHIERSH

Fe i BRAMFERTERT o, B TRAF-ENEMER. iF T REREERMER

HMOE R T HER B HE R O WEEE B A g TR S . B LU BT RDE SRR R A — A
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10,3 B F % 5

R RE R, WA EAE MR R TR RS TRERFEES. AR THEETT
B CFTERCT A RS e R AR, B PR ERE TR ER
H xm.

10.3.1 HTFEBHME ; - |
: x & B A E

FIRT X SHERAT AT R vT LIRS s 2 IE . SR PR N8R0 3. B9 10 NaCl B kb R’
ST S R o M- e/ 2D BT VR TV SR B A . R T AR R AL W
PHABHEERSE FERNEARNMESEITETFERREL, WERUN ERH THEMER
LI E R e o S o)

Lande (BB TE 1920 5, B33l F R P EAT NaCl BRI EYMERBSRCGEPHE
BT RO kR B S0 E D U5 A MgS i MnS MgSe 1 MuSe B & e 5 FULF
LoEREEREPAETAASTOAER. A ATRO AR EH S S S
TR

(S )= 260pm/Vv 2 = 184 pm
r(Se? 1= 273pm/ 7 = 193pm

MO B ) - R T R BUE.

1 w
- —«/pm | i S uspu
T MO 210 €210.56) ! MnQ) 224 (222.24)
MgS 260 (260, 17) | MnS 259 (261. 18)
MgSe 273 (272.5) ‘ MnSe 273 (272 4)

Wasastjerna (FLEESIHEOE 1025 EH BB FHERTHEL L TREEENF L B4
BIWID KRB TERETHETRAFFE. G FA33pndF O°7 (132 pm).

Goldschmidt (B FEF5O7E 1927 £, ) Wasastlerna 1 F f OV W& 74880 1
SEMENEFREPEFERIOEME S HEE.FE 80 Z#E TR (Goldschmidt &
T 2S5 MAEER.

1927 4E Pauling 4 5 &4 (NaF.KCl . RbRr .CsI il LiO) MR B  HE 28
FREHNARNEFER. BAETFHOXXNHERNERTFRSNGAEE . fiRPEE FRS
ML AR RR L,/

reat— = 2t (10.3. 1)
Ao, NVHBTHR -~ RENER - W TEEFHOE FHEIE T .. BN R EE. Bils 58 %
Slater AMAEE(H, 2.4 7). Pauling 54 Ne ®IB Fh o=4.52% X &0 8

o

11 —- 4.52 {10. 3.2

riNa=) =

Tt Slater A B R B FRS o=2A 0801 8% 030 4,50 W o— 2%0, 857X ML35-"4.15.
KRS 2 (Na* /2 (F )EHIAK.
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10T HrEAGWREALE

[
F7y=—= —*
r(F™) ——— (10, 3.3
B g llE NaF fifm S8, b i
r(Na’) — #(F ) = 23| pm (10.3.4)

B0 3. D)~10. 3 O 3B AR BE r(Na)=95pm, r(F7)=136pm.c,=615. it
FEEH IMEBETRERENER.EHTIHETHES. AT . B, B & Ne
KU TR R4 4 an OF B r=615/Z" =176 pm. HAth Ne IE F o[ H r,=615/2" 5K
BOHBEFIAT &R pm).

BT - N 0O F Ne Na*
ripm 114 247 176 136 112 93

- IE?I_]:‘ T Mg_’- o Al]i Si-H— PS-*— SH- . Cl?-!— -
ripm 32 T2 65 od a3 149

Mg f1O° B2 BT .6 MgO BE Y, (1/2)a=210 pm, H B # 242 (82 pm —

176 pm— 258 pn B/, X R W X AT F 3 -FER T 7 E 4 F T 2408 THEE S E R
B LW E AREN AN 2. 10X /TH,. HZ. =2 =Zi.10.2. 10046 H
Zi¢ AN,

4re,

FAEMRE Rl RERE R L EE 2SR TR ME A0 3 A

TR 2 =11, R

re-1 =— mH (10.3.3)

re = (Z) Hor (10. 3.6

%£10.3.1 Pauling(MFOBFEE

& P ipm : e r/pm HF r/pm BT »/pm BT ripm
A 126 T Cobt 63 | Hg'' 16 | Nb* 70 | s 41
ALY 50 Ce g 17 216 Nit 72 St 113
As? 222 Crit 65  In* 132 | Nit 62 Sn2” 112
An b7 Cret 52, In* 81 0z 140 Snt: 71
Auw 137 | s 165 | K~ 13 | P 212 | Te'" 221
I 24 Cu~ 96 La’* 113 P 4 T 50
Ba®” 135 Cutt 00| Lt £ Pb?' 120 1 Ti'* 78
He 31 Eu®’ 112 Lu®' 63 Fbi* B4 Tt 68
Bt ] RS 103 Mg?” 63 P a6 T 140
b 195 F- 136 | Mn®~ 80 Ra® 10 TI- 95
- 260 Fe?* 76 | Mn™ 66 Rb' 148 1+ 97
o 13 Fe'* 64 Mnt~ 54 84 184 Vi 88
Cu' 99 Ga~ 113 | Mno'* 16 gt 29 V- 74
Cds 97 ' Ga' 62 | Mo 62 8b- 243 vt 60
et 111 . Ge' 83 Nt 171 Shi- G2 v 59
Cot 1 | Ge 53 | N 11 St 81 Y 93
¢l 181 H 208" Na~ 95 1 8ef 198 Zn*’ 74
Cot! 74 HE~ 81 | NH} 118 Se 12 | Ze 80

A WEBCGOSpm) R — YR 140 pm.
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0.3 B ¥

Ne I F m=7, 8 2B F Z=2. r,=r, (227§
= (.794 r,
s YRR N 0, 794 X 176= 140pm Mg g 0. 794 X 82 pm =065 pm. Pauling Bl §& &
75 BAERE FHORMER Q03 OB AEPE. IR EEREFTN Pauling ET¥
B R ERR T EZER AL
F 10.3. 1§ & FFE F Y Pauling % T2 2309,

10. 3. 2 ﬁﬂﬁ%*&

Shannon(F A FITMERETRMEN LT Hib Y HE Lt 41k 0E -7 0 B & a5 %
BAMEEAE FERZHMETE FRIMNERS .. BE T RS LT HERE B EmiE
LR R GG FASFErEMNEW A EME NG S F. 858X RHERN—- 23L&
HEREHFETERSTFHARBEAR -ZRBHALXRE). )L Pauling R B LEA 6
A O 2R3 140pm F RER 133pm fE MR S Goldschmidr 77 825043 18 5 BRI BE &0 %
HFER G EREE. /U - ERTENEFIEHE FIARE-F LR JHF A3,
R X SRS ERMENEEES ME T2 M TR ENE TR EHL . &
alRREFCENOTREFEN132pm HE FIBE -EEEH.

F 0.3 2 FH — 2 FAAFME AR E A SR ILTRRF T #4058 FE2E.
EH AP OB — . O R ET AN AN (HSO L E8 A RS (LSO FK 3 ek

o
MRS -

10.3.3 MFRBUT AR | ;

LR APERP.E I EHRDE SRR LER.

(1Y AT EEHAE s K p KE W EH . [T ENE - B2 R 1 808 0 .
WEn. LA BREMANICE HEF S

® Li* Na® K Rb- Cs™

ripmo 76 102 138 152 167

KREEBE—-EEFANSR TESHMAR, MRS THEERTHME - FRWEMTE
.

D A RERAMENE PP B THMERMEE TRV D, BT LEME AR
O EInm TR flin M st PR Y

=7 r/pm ]_ =7 #/pm & T ripm BT ripm
Na' 12 ? Mg?™ 72 Al 535 r o
An 137 Hg'' 102 TP R%.5 | phpe 77.5

EREW RN S TETRER TR M TEEA 1m0
W B TS T B R R R R B B A T R L R h B R R B T e B
H i
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FI0E BTLeWHERLE

*10.3.2 HEEFERF

BT . RN r/pm By | Eftix | ooem | BT BA% | r/pm
Agt | 2 67 | Co'* 4(HS) 58 | K- 3 151
P4 100 6(LS) 65 Lo12 164
sy 102 6(HS) | 7453 | La*t 6 103.2

# 115 | Co¥ 6(LS) 54. 5 12 136

Al 4 39 6(HS) 61 Li' 4 ' 59
6 53.5 [ Crit L (LS 73 6 76

As" 6 58 6(HS) 80 | Lu*t f 86. 1
Ast 4 33.5 || crit 6 81,5 | Mgt 4 57
L6 46 o Cr*” 4 26 6 72

Au’ . 6 137 Cs- 8 167 Mn®" B{LS) 67
Au L Alsq) 68 | Cu 2 16 B(HS) 83
6 83 4 60 | Mn™ 4 25

T 3 1 8 77 | Nat 6 102
4 11 || Cu®~ 4 57 1 Nitt G 69

R 27 4(sq) 57 | Nitt 6(LS) 56

Ba®" 6 135 5 63 L B(HS) 80
8 142 ) 73 0 3 136

9 t47 | F- 2 128.5 A 138

Be?! 4 27 3 130 6 140
6 A5 4 131 ! 8 142

I3y .Fi 198 8 133 | P* 6 14
ch 4 15 | Fe?~ 4CHS) 63 | Sias 4 17
6 15 4(sq) 64 | Rb~ 6 152
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Cutl) ] 1] &
Cui2) 4] [k & 3554
(D ¥ 1/2 {
D02 1/2 0 0. 3788
0 0 1/2 0.3771
ey 4 0 0. 1579

o HE LY 190 I o MR 0 s B B R IR T B A L R ST O AR B BaThO, S5 (10, 8 B R b e A R
Gl

10.19 FeS,(HEFOMBEEH S NaCl B SRS WM. Fe # S, HFLAHLTE Na*t /I Cl 4 XM
BB L SR FeS, MFEH 5.0l g om™Cu Ko $1 7 817 ES N, S H e EitE
Avogadro ¥ #.

10.20 4« 2TCL SR CUF ARBEER FR TR BETERLMN 78pm 7 181 pm it
RBMITTREEGAZR SESHAAREZ S SESRHARA L HY

1021 HTFEHBRERBLERE Cor FTRIRHEE AR AEKES. Dy HBHERAA N BFEHE
MO EMNBEEH = 1420pm: 5 B RIB 2= 5= 1002 pm.c>= 1639 pou.

{a) B Colf) cop BMTWER TR WREE: FHIRLEREF FESEFETRPLOME(GAe
EMAETEHBPOAT -HAFEYPA).

(b fE Coufl ccp #l hep IR . B EWM K = B HRGEENN MR"KERRFLEREF Y

Y Coft FTRAEREREFRFLH FREFSBREFEASAERTH.AMHGHEFHH. € K
RSN TGRSR K- BT aEmEsH SRR E B VELY

10.22 YRS THBRTLASKR.ZHENR O-F ’?E —f;,ﬂa%&ﬂﬁﬁ:@ a= 2460 pm, g B &N
28Na, 0 » 28A1,0), » 1368i0), = »H,0.

(w) WHEAFHGEMRG SHRZE SBERL;

(b) FHH A FRAANERTHFRRBBEEHERTE,

(o) VWERESAL,

(dY ERMESTHHEER L.9S5gom " RRAPEZRKNEE.

10.23 oMnS BERBTAIFRE AXHEBREO=154 05pm)W B EHHEL 20 A M T 29. 60°,
34, 307, 49. 20°,58, 567,61, 39°,72. 28°,82. 50*,52. 51°,113. 04°

(@) AT E REZREHTEAERRL,

(b) & RIE R

o) WHERBEYRRER,

() 26 CHBEZEREMNEF R LG e FiIMA—-TRBRPHE FH,

) AREREEG@ W FRLFAHE . ME G-+ F R LT C M AT HEREEHNER
Fic T M EEERIDY

() FXR aMaSHRFBHRATHE, LKV -MnS BHAKH S FEELXEET SRET
AU 4.

10.24 ACa TIMOHARH = TEFRIENSHNITBIECa MO —BEFRET T T EEEM, &
BERBH TSR G S8 O BE T BB BOEH O L.
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(o) WHAR.EHER FRLRSE

(b T i ik f A B L2 X

() Gl ixAknsEaEHK,

) B TH R RARTUR B & 8T R BT
() AMERBPEETFEERAERF . AEEHR.
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(1) ERECAARE.EERE REIASEME. ERUCE R EE B e R, 2001

T21 RAAE. TUERLE LR EET R 1982

[3] BIXERCEva)EF A4 0. FRE SHLEIE - ARKTHIRL, 1083
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—
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MFxA B PEFHENHRIEEF

Al ERSEHNBRRET

YHREAK B i § B HFE
i i3 x ™
& -3 TR kg
Bf fi] 4 5
R, L5 L] A
HmAFRE Fimx] K
il b o B maok
RABHE LK Sl ed
A2 ETEEMNGHBM
MEERWH By & B B S
A 4[5 N (kg -m-3s%)
5153 [H] J(Nvm)
W 3 Rl W (Jrsh
A T B LS ClArs
i, £ A% V(W-AD
H #F Belfir] F(C«v1
A1 B BR[ 45 ] QveA D
i - 24l Hz (s~
B G IR Wh (V)
R ALY AR ol T (Whem )
A 1 =] H (Wb« A D
Al RERERER
& F ® 8 ¥ E Y ¥
B TR e 3. 10953 X 10~ kg
BT my 1. 67265X 1077 kg
ETHER & B, 854188 X107 C2« ] 1o m !
ATHIER # 4xX 1077 Jes? ¢ C7F !
HENE Iy 2. 597825 X 10 m « 57!
BT e —~1. 60219 x 107 C
Boltzmann # ¥ k 1. 38086 1072 § « K!
BE R B R 8.31441 J- K7 » mol™!
Planck % % R 6. 62618X 107 J » s
Avogadro BF ¥ Na 6. 02205 X 10* mol ™!
Bohr # 7 ﬂ,{ =Z%\ 0.2740% 107 ™) - T
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st A B4 YHENAREAT

%
A 3 2 WEEK
HH T ﬁn( =4::; ] 5. 05082X 107% ] » T~
Pl
Bohr & @y =:—T::1-z~2] 5.20177X10 " m
Rydberg % 8 R.. [ =%] 1. 097373 % 10° cm ™
Ad ERFBAG—SmERAGANEN
J - mol™! kecal « maol ! eV em™?

1) * mol™! 1 2.396x 107 1. 036 % 1077 8.356Xx10 ¢
1 keal * mol ™! 4. 184 X 10° 1 4,336X10°¢ 3. 497 X 107
leV 9. 6493 10* 23, 080 1 { B.065%10°
lem ! 1. 196X 10 2. 859X 10 1. 246X 16~ i 1

1A=10pm=10"em=10""m

latm==760mmHg=1, 01325 X 10* N » m ?=1. 01325 X 10" Pa
L D{Debyer 3. 33564 X107 ¥ C v m
1G{Gauss)=10"*T

A5 ETH{ G

+ i3 lau=g,=5.29177x 107" m (Bohr H§F)
. & lau=m.=9. 109534 10" " kg ({4 F#HFR)
2] bl lau=e=—1.6021852x 10" C (g F B
eZ
gk )4 lau=4muao=2?.2]lﬁ eV (278 -FHE o, W#EE
oo 2EIRF B e =1, 2 = L 164 8 LT M R R
B 2.418885 X107 s (AP FAESRETFEESMER 1a. FITH
i 1] >
Ao % 1au=%(z A)=1.0545887 X 10 % J s
A6 AT ESRS S 0AiRsL
A%FS i 2k 4 B FERNEE %S W 3k 2 B FFERMAR
E I (exad 10 a B (atto) 10718
P A (peta) 10t f % (femto) 1ot
T # (tera) 104 p # (pico) 10712
G F (giga) 10° n # (nano) 10-"
M JE (mega) 10 7 # (micro) 107¢
k T kilo) 108 m F (milli) 107%
¢ B {centi) 10-¢
d 4 (deci) 107t
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.11
- 13

A5

.16
17

. 18

.19
.20

-2

MR B SIEER R

FI1E

== 4, AEOX 10 st
v=1.431%10' em™!

E=1748.3k] » mol !

A=6.63X107 M [ +s

W=2.88x107"]

ve=4, 32 10% g7t

8, 117X10¢Fm+«s™!

{a) 6. 626> 107" pm

(b} 90,43 pm

{c) 71 pm

2. T42 pm

B

Az=3.8X107" m, XM
— Ba
explimd | RFEEH —m

ke
E.= Eml®’

Fye=0.0359,P,=0. 0001
1120 pm

4 H 2 4
K ﬂg_Bri_ 6h 9RT 11A

u>-=%.<p_,>—f~o

124*

8ma’ ' Bma’ ' Bma®’ Smat’
A1,3.3,3,1

506, 6 pm

212. 5 am

B EMEME(E= 5h?

13ma®
-

R=109678¢cm *
m=2,n,=3,4,5,6
52. 947 pm,52. 918 pm
2.1877X10°m » 5!

smagiﬁ#ﬁ

{a) 121 nm,52. 9nm,Lyman B, 85 %E
b)) AEFLETRENERTHE B

TE& 7 e B
(c) 519pm,415 pm

&

2.6 0.728
2.7 2.66a.
2.8 (a) —13.6eV,0

(hy —27.2eV,13.6eV

.9 (a) —3. 4eV

) VI VTR

{c) 80°

A0 Ca)y =34 (e¥4cdr—1. 5168

(b)«/zg"—.l
iy

LR
2m '

(e} (ei—cid 0

.13 |Mf,|: i 2%1}1’: L 232

Ay
14 (a) 3

gy
1)) 5
e) r =0

> 187
(e) 5.75eV

.15  -65.8eV
16 CaY 94, 38eV

(h) —78.97eV
{c} 29.9eV
) 0.3

{e) —13.32eV

.18 Na: 4-1@090.58&@

F :8- Elao }0. ??ﬂo

19 (@) 'Ps () %83 () *P3 (d) Dy (&) °F,
2,20 Na. ZS% F:zp_}.zp%

C:3D3 !JDE 13D; taPz r3P1 }3P01381 |1D2 ,1P1 ngo

21 AR EFRETH'D D, REF,, Hilk

N R )

HIE

3 (e a)>(b)
3.6 5
T OB L.ERO
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HEB MJEERGED

3.8 NOBEEBLIT N, 8% 2.5
AE I RT 1.NO @S
3.9 @4 .2,2.5,1 5 REENTHRFH 21,1
311 Z2.5.3
314 {a) (1m)'{2a)%(1lm)?
(h) 1m
() B F O BT
(MO EUTF A BEMABATFREMORME
BEtR AR T
(e I
3.15 f= 3.303%10 T kg »m?
r=1, 419 107" m
3.16 3.864, 7.727, 11,501, 15, 456 cm' !
317 {ay 1, 161X10"m
(b) B.061 107" kg + m*
7.167 %10 * kg + m?
3. 18 HCL128 5pm.HBr: 142. 4 pm
319 @) &
(b) 6,528 10" Hz
(c) 2.295x 7072 ]
(dy 312.3 N - m™!
.20 6.503x10%s L1901 N em 1,
21551071 ]
3.22 (a) 0.0173
(b) 312. 8N +m™!
() 126, 9pm
(d) 2. 864107 " ]
3.23 941.48k) + mol™!
124 4.536eV
3.25 6.7, ﬁ _156__1__IP (Raman)

et h R
b
I AC=C—H (Raman, ZE®#)
T ey UR, TEAH)
P

3.30 CO(la){2a3(In) {30
NO{(1e) (2e22 (1m) (o) (2m)!
NOHBBEC) FRERRe T
CO BB (30)’ FRERHEF

§]
I

3 FC—C—0—CH~--CH,
L2 1 F
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3.8
333

.2
4.3

4.5

4.8
4. 10
4,12

4. 15

4.21
4. 26

5.1
5.2

12234 M B A RERL R EEL

Ag 3d

{a’) 3p

(b} Ar: 'Soy Ar®: PL.PA

() Ar(18:) ——= Ar” (P3) e
I=15.755eV
Ar(’S,) —= Ar” (Piite
I=13.937eV

(d) 0. 178V

Fam

4 3
S E.S51.8:i =00 8i=a,
5i=Ci.8}

[1 a0
g.,=10 -1 0

'_0 0 1

Ciizy= |0 -1 g |
0o o ~1J
Coren D s Cou v Diap s Dy

Do Dugs D

£a) Cpalo s

b WG

(a) HEE .Du

(b) T .C.

Ced HERTE D

) TRE,C

) ¥EE . Du

() RIEg.Con

(g) AW, Coo
4.65,5.95,6.51X107%C«m
12.98,13. 0dem® « mol™

(a) FHC—=C==CHF

(b) NOz ,Ce» T =48 H,BO:, N (CH,).
(e) Colendi™

(d) (NH,;»,CO

Dy s Coina Ty Dan o 104, Cy

B oMl Co s TRERME . H B

Fs5E

ENFE,BEE, M BT W%
ZAE.TE.TE=ZAE.-A% . FEH=MA



510

5.23
5.125

5,27
5. 28

532

6.3

Wb JBEERHK

. =A%

CS. NOQ, & spiNOQy . BF, % sp*; CBr,,PF]
% sp'y SiF. 9 spid; SeFq, AIFE L IF; %
MnQ), K sd*; MoCl; & dip;
(CH,3,5nF, & sp°

fay ¢, =10, 338, ¢;=10. 830

(b} 25 31. 1% .2p 68.9%

(c) B

(d) 0.5

(c) LG

NH: S8 . EHREHCH HERKE

spidty

20
3!-4

HTHERIHEEEEN oL HE— 1 =
(’blE%i P \/?fﬁz'i"?sa) Ey=at V/nz—"g

T

2
p=th— 2 k) Emam V27
Pr=FP,=1.414

MOFEAFE 5. 138,47 SBEEER1. 6562

= $) E;=a

(a)>{b)>=(c)

Clay s,

CeH Ol CHCH,Cl < (C;H: ) ,CHCI

< (CH;),CCl

(CH 0= 00 2>C0

T A 58 55 ML

NCH.)) . >NH, >=CH;NH, >>CH,CONH;
R 2 T xi i

CO..NO REZRE . KM AEHE CO, H
ik, HAk T8 ¢k NO, #1 ClIO, H—1*%
R F, i H

NOT <INO<INOy

407 k] ¢+ mol !

- 152, 2kJ *» mol™!

el

Ca)¥I{c) HS.MHEE,LFSE 4 0

o e

(b> LS, F B, LFSE % 2. 44,
5 Co(NHI LS, (t;)° x=0
Fe(H,003' (HS, (t,)%(e,)%, p=5. 923,
7 d", % d-d FFiF
9 (d.)¥(d,., ) (d,, ) (d,2)!
10 2,0,2,1,3,1

11 RBYGEFRTFRESR
12 @) ) e AR TE

(b) = X PIE &, & E R

A3 @) B

(by HRdesREE . A FFE

.16 LFSE(T,)=0. 3364,

LESE(O,)=1. 24,
NIALO, wRAKRRT

.17 CoF} :13000c¢m™ *.Co(NH; ' 23000 em™!,

Ca(CNYT :34000cm ™!

6.23 NiCL~ . EEENICNY S EmunE

A

M oaoN N

f
—

® o @ m o w o

.31 60Hz

BTH

1. 48,5, 92:1. 01,3, 03

1.46,2.9251. 67,5, 01;1.75,7. 0

(a) 1.00

(b} 1. 31,0.68, »,8,;=1.99

(c) 0. 17

(d) 0. 12

(e} 0,78

4 Ca—O B 2. 4pm,Ca¥" T X BN
97. 4pm

5 Ni—,207. Tpm;Ni*' 0B FR B % 67. Tpm

11 4 2. 96

18 ¥4 THE 620pm, B H 340pm

19 B AEBREYRR 050

pkep i R KO, 55
LR

2 5. 24X10pm* 2 AMNC3 N C—C 8
4 fRHSTFH.AB

6 EF.B.OURAMRAN

11 RE&ER.Du

14 154.4pm,3.51grcm *

.15 201 pm
16 €0, 83,0, Fa.0, 400
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8.17
8 19

3.20
8.21
8. 25

B.28

.30
31
32
.33

=

8. 34
8.35

(0.85,0,75,0. 90
(0.13,0.25,0.60)
(322):8a : 363 be
176, 2 pm
203. 5pm
124, 6 pm
360, Bpm, E L H
SEF R 330, S5pm
4t 200 MEE R VER CsTMCH Bk FEfR
- desoon 09T
a=404, ¥ pm
{a) 16
{hy13.12°
Ced TyadC: v day
1127. 6pm, &
37. 9 pm
14612
(a) 111.200,220,222
(Y a=370. 6 pm
{c) 13, 5%
Doy = 8BO pone s D0, = 9200 pm
(ay 0. 917g » em™*
(hy 276. 4 pm
(e) AP 4H,O
(a) L T EE
(b} a=421 pm,4 > MO
(e} 24.23
ta) I,
() BRI N
(o} O dd:
HICXFETTEE C,
(d)y }.66grcm?
ArHHPufS T M0 0T REEL
A OBEWME —HEHBRELPCRF.HTFER
WM FERSEA CoaElEn
HOOGC ----{:.‘H—---NH: _‘(Il

i S .
H. Pt CH,
RPN :
Cl NH,- -CH—COOH
FIH

.1 QIQ.NJ'I-—%!€.1.225R.

|
354

06, AT77.0, 108 K

B JEEREHEX

2 VIR

3 1 154R

9.4 a=h=2R,c=3.266R

9.6 2. 63 kS

9.9 #HwEAH 2 R

9.1 (111)&?:-"? n
oYL x

(100)@:-}

9.11 21.45g *em™%,138. 7pm
9. 12 540, 4pm,1. 578X 10 pm?*,2, 365g + am™*
%13 a=b=282pm.cr=476. 8pm,
D=4,51g -cm™’
9. 14 404, 9pm.143. 2pm,B81°17
9.15 (a) 185.8pm
(b) 0,967 g»cm ™
{c) 303, 3pm
9.16 (a) 143pm
(b) 16.7g+em™?
{c} 233pm
(dy 41,37
9.17 (a) BEAH 6.6
() {}-G-Oi%\%1
(c? 13,95 cm’
(d) 261. 3pm
.18 111,34, 27°;200.40, 367;220,66. 83°
19 (a) 8.91g+cm 1,352, 4pm
20 LA
.21 (b} 140. 5pm
(c) 118.3
(d) BBk
(e) ABM B
9.22 (a) 75.5%,24.5%
(b) 4.25x10 #* ¢
(c) 0,5%107 % em?
{(d) 130 pm
9.23 () A 20.26° B 11.54°

F10¥E

10. 1 {a) —3%43K] » mol™!
(b) —888. 7kJ » mol™!

1
2

e o W e



fff % B

0.2
10. 3

10. 3

10.6
10. 8

0.9

10. 14

FHEER MR

SeNZ=Ca0=8r0>BaO>NaBr>KBr
CaS, /A& . 6. cop,NaCl B

CsBr. 774 8, BB .CsCl B
(b} 154 pm

(¢} 1.53g «em™
fd) 273. 6 pm

{el) BY.6°

) Ty

142 pm, R A
(a} Ti*:(0,0,0)

Ba®™" { L,

1 .1_J
2’272,
o %.0,0‘) A o,%,oj} [00—1{)
(b) BaTiC,
(c} R BYH, BaTiO;, 0,
Wy T e A4 0
Ba** .12 4~ O
(el Ti'" .61, 6 pm
Ba'".145. 0pm
hHh HE&. THEE
(g) ccp
(h) 24~ Ti** f1 4 /4~ Ba®t
(b} 2
(e} 28iC
(d) hep . P9 &3 B
(e) 8% pm
(a) 428 pm
(b} D.92

10. 15

10. 16

10. 17

10. 20

16. 21

10. 22

(c) 82.6%,17. 4%

G} Feuzl,,‘,Feg 0

(a) 415. 7 pm

(b) x=10.92,Niz%Nii Q0
{e) ccp, /\NTH{E,0. 52

(d) 293. 9pm

{a) cep(A1)

(b) CdCl, B

o],

(@ Ag:(0.0rO).[-é—,—é—
f1 17
N S S 3 3 31
O:l.T,T T] l_'I’Tr
(b) Ag.2 H& R

O:4, MOE &
(C) ’J.r‘.:

N;H

i
]
!

Nfr—l

Aﬁwgfﬁ,i,aﬁ

;

() MEREREL:| 5
AN EE B L
1%; 1I [ ,oo}%

(b) 112.7pm,207. 4 pm

(o) PRAESHEMNABETM,100%

(a) Oy, 1 L2 37

(b) 3C,+4Cs, 60160, 3w 1 L AW A
2l el M 40,

(d) 262

Y

1
ﬁ‘_‘rlg;

li
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A

ABDFIF 343

AES(Auger Electron Spectroscopy, REL#E FAgiE)
113

agostic bond (Wi @) 72

au{atomic unit, ;- F B4

AOQ{Aromic Orbital) 28

BoRAE 185

EO™ 195,248

76,77,350

B

B, &8
B.H. 159
Bohr(B{ /)% 23
Bohe (HEFORBETF 31
Bohr (B RO QR THA 22
Born-Haber (3 B-# AR 327
Born-Oppenheimer (B B-M A S BT 73
BraggCfi B8O /788 288
ANEEESY 204
AEESHE 319
AHERME 190
ARH#H 1N
ERiE 308
WHEMSI Con 259
FIEL 11
s b
W EE 25
w220
KAvHR 230
Kpgs 229
W% 8.8
RPN 32
TR _RME 1.3
A HEFERE 146
THEBEEE 5
356

5

C

C. 86
Cw 173,175
Coe 173,183
CH, 132
CaCu, 314
CaF, 321
CaTi0;, 322
CdCl, 321
cdr, 321

CO 87,93
CsCl 322
CuAu 313
Cuzhu 313
e 230
HE 281
ERiERS 341
Har 247
BaFEET 249

BoTaEliey 247

B TEAE 249
MILE R AT 162
HLXTRE 192
BRERE 79
EREG 76
EHHEAERE 108
BEtE 208
LR 208
BEER 208
HEFHE
HiE 209
BEBELL 31
wHg 221
®ew 202
U Bt

206



K 3

D LA 79
MEBILE 116
DNA £ 234 WHILEES 121
dFEMBER 175 MEFPL 118
de Brogle (B ¥ H)¥ 3 BRFIET 38,83
KM 248 ZERAMETY 185
BRTFET 24.27 ZomingeE 202
BANHE 20 ZhoE 168
AME R 183 HHEEFHEE 33
FH 306
gk 308 E
FmEpEn 205 Euler (RRB 24 174
ZHFHEA 148 ESCA (Electron Spectroscopy Chemical Analysis,
FRMARRESR 307 SR FERE) 107
SRl 205 MW FREE 112
ZEEH 205 —EE 228
makE 191 HEmmdtig 218
EEB 124,276 ZEikm 180
AEESrE 124 F
REAMNE 130
afE 264 F. 88
HEFERE 192.324 Fermi (BB 303
Walk 283 Franck-Condon(# = w-BEE ) [FHE 106
a5l Frenkel (4 7 /ROMLK 268
AR 337 ER#YIE 79.81
BB 48 R#mEE 118
BFHARA 45 R 119
HLF R 105 Bgh 119
HEEY 314 TEEED 240
BEEFE 43 FEEH 240
WFEEamE 39,42 BEEEAE 241
BT EFIE S0 FHEE 343
BTEERE 202 EWHRER 227
WTE ¢ EEE 79
Ry =fimE 36 EL&RmEE 172
WFHE 45 FEBBREZE 235
HFREH 107 ERERTEE 328
R 66 FEERT 100
BMFE 5 BESFMH 343
RLF{Hgf 206 s RIEERREE 340
T 18,155 ABIEE 190
EEEAE 9 s e 1Y
WM 116 SrFHRD 244

357



3l

FERBE 124
TR 116
S FEHE 129
TR 134
FFEER 242
srFEE 79
TFHBESE #
SFFPLA#EE 78,93
SPFRUAIIFRME 163
S THLUEHHRTIEESE 166
SrFHIE 95

s FEERARE 241
SR 239
S4TE 154

SF B 240
e U KA
BHERE 284

G

Goldsehmidt (A AT EFER{E 33
me o

BMEE 9
BMAEETE 9
WEfE 191
YRR 158,160
e 178
L@ 69
A4 78
LA AE 150
Ly ardne 178
FETH 139
g 212

HEY 242
fLRTEHL 145,177
HRAMERE 22
ERA 47
BikEmigs 315
WA AEF B 306
M 230
ML 2
T 2

e fEEW 107
b EUR

358

*F 2

BEREEL 338
BLERFEM 36
HEEAESY 202

H

H: #49.108

Hy 73

HEF B8

H.(0) 148

Hamilton (B W HOEH 12
Hartree-Fock (A3 4% B - v ik 38,39

HMO 5 (Hockel Molecular Orbital Method)
HOMO (Highest Occupied Molecular Orbital 164

Hund (HE¥EE0 38,45
ERF 249

G& 312

Bt OMR) 214
BRE 214

R 214

HHBE 214
WyMERE TR 212
BEAKERFH 213
BHiEfASR 213
REEH 1

arkig 103,104
BEE 270

LT FREE 107
HE® 69,179
feFRER 70
thEME 215
HREEER 157

J

- BE% 57

Jahn-Teller (B-FMOMAE 194
wiLHE 133

weER 73

e FELREE 145

fré s 85.93,187
FiERT 99

BiERZ 103
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