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@O CH;0CH>CH,CH; (@ CH3;CH,CH.CH,OH (3 CH3;CH,OCH,CH; @ CH3;CH(OH)CH>CH;
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a) 27 °C 300 K 0.10 mol L™*  NaCl
NaCl  100%

b) 99 8 CI, Na*, Mg*, SO,%, Ca**, K*, HCO3,

Br- 27°C 300K

1.00 L
Na* 10.0 g Na*
42
c)
1 mol 40.0 kJ
b) =
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a) b)
¢) CaCO;+H,S0; — CaSO,+CO,+H,0

A) B) C) D)
a) b)
< >
d 2
d bz
7d 4V,
4 d

1348850 / 1384850 = 0.974 97.4%

a) 0.10><1000 [mol m>]><2>8.31 [Pam’ mol ' K ']>300 [K] = 498600 Pa
4.99><10° Pa
b) (10.0/23)> (100/42)>< 1000 [mol m >]>8.31 [Pa m® mol ' K']>300 [K] = 2580745 Pa
2.58><10° Pa
¢) 40.0 [kJ]/ (2.58><10° [Pa]><18.0 [mL]) = 4.0><10* [J] / (25.8><10° [J m >]>< 18> 10"° [m’])
=861.33 861
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MEfbse) 1, @D M iEmE ) oWNEeik s b5 o T
HWE . TEbEY) kO TEsbEa) SO RNFITTHE LT
WET, FERICIRIAW B T, TR ) X TA#bY) ok
BEZ 7= 538 CTF, M DOILFEONE THWEEONE & PO BL5:
EWOGENZO B LT OBEIEE TR ONETN, KFETIY)
LT 25 XL, bok WEL OBITZMEY 52 212720
9, Zod, EROHIHEBL LT 77U O T kT
OB Z R AIIMENR b DOERTH Z ENTEEFA, LIL,
IO & HEF) ICRo72Z & TIED Y A, BOLORHE
FITEFOMIT R 72 TE R bRV E Fhb TS X 51T, LWl
DRERIZLHEAADZ &, BRpE L5 LOBBAIILSNTND &
EHATHEIWTL X 9,

ZOEE-TH, M) ITHEEAH LT E W) S o4
RSN > TWDTET T, B X o LBIEZ 5 &9 AP 7R 20
b LNERTA, TIULEKRE TOFPETIT bF) & B 25h5E->
7 L O TV D NG TIERWTL X 90 L, @fRkoY
HOBFRFIIL, BA NVOEHRIRFOMER EFEL < E0hTn
F7, FEIL, LFBREZ RN 2 ENOHT 57201213, WER)
7R B OFEANMETH Y, MHAEIZBERBENS D7D TT,

{6577 70 OREE, ERE CICESHIFAZBIT-AEDE
FNTWETH, BESCORINZIE, 27, BWVIZES £ TOMRN
FONTEY, GRTHFETLINELZERICEZ D7D » FBRES
NTWDLEAELH Y 7, FrC LT 0SB Tik, MEZME<
72T, MEXORINZEPINLTWDLHAEZ Co < Vit D
ZEMRYITT, BENRT =& D, T emofcbnng Z&ick
OB ETTN, MEZRAIORNFIC RS OmA SRR
ENTVDOTY, EbE] L) XA M T—MoRRS %<
HBWVWTT D, WLy 22T~ AX—F5Z LidE THRER
Z&TY, Lnl, ERENOMEROMESOT TR LY OARD
PCHERELANBEDETENLTVDEEZTWEEWNWTENWTL X 9,
VEREE I ERE 2B ZE-> TV A DI TlEd v 8 A, Bk, 1k
FOWHFUTRPIAA TN 9 LW HHSADTD, £ T L 2T
WD IR 2R L TV S DT,

A4 XV ZAOHGRMETHET « 7 7 (Paul Adrien Maurice Dirac,
1902 45~1984 4F) IF, 1933 4EIZ /) — W B2 ZEH L Lz,
ZIRKRFBZTHHMIL, ROLIBREEEZZELTCVET,

“WEL DO KRGy EALF O RR A AN D 7o DI e B e H
AR7ERNIZERIZH BN TS, L, 26 DiERIZEHAT 5
&, HEVITEMETHES ZLDTERWHRAUILLEVFENTLED
LRI NNERDOTH D,

“The fundamental laws necessary for the mathematical
treatment of large parts of physics and the whole chemistry are
thus fully known, and the difficulty lies only in the fact that
application of these laws leads to equations that are too complex
to be solved.” [Proc. Roy. Soc. (London), A123, 714 (1929)]

(ELEE) OB AT 2 Z LIIMHTIEH Y A, L
L, (k577 o7 ) oML, WNEERREZRT 5201850
TT, BSA, BTz, BRI —E—2FT250TiEe<, MEX
RFEDfFFE LoD EFEA TAHA T EI W, EHET X CTRIT 725
BRAUATEELS EEDRTWETR, (O H TR S &, (LFEBLG D
AERRZENVRZATLSDHDTT, £LT, WODRITH, HHET
XLHRACT ¥ Lo VT 5 EICHEAEZED TODE NG LILER A,
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ThHORBL, ZRVFXF—DTHD [h+] ([(r] EEIng) OMEL b ST ETH D
ZERDLNoTND, & Thit] ELTEXDE, WENA GHET 28Ny THH T
1ERL SR AF—EIILL O TREND,

he
E=hv=— 1
V=" (M
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A+, LYy PHTIIAMICEREO—FThs [ Q47| BB S, AHMICEE
ns [Qas] » [Q47] Wit 5, R ORI L 7= W U 7 B
DERAR—Z LWL EBT 22 & T%&i*zvﬂ€~f\<‘:%?ﬁ&éﬂ\ ERELTR
MERD D= Liciz b,
[Q47]: @ %4 @ Fo @ ~A27ul @ aEE#i  © X#H
[Q48]: @O #>"2E @ IEE (BM) O A @ Kk & IxI4

B4 EETETLEYT—2a O T, L= =K1 2 —3MEH SN D Z ENRIEFITE,
%6%ﬁ%ﬁﬁ@(&§iﬁmm)f SR 1.0mW (=1.0mIs™) DL —HF =K ¥ —%
Sy R CRE Uit 7256, SIS ST F OBAE BT 2 Hi TEZ R E Y,

[Q49]. [ Q50 |x10[Qs1][Q52] 1

X CDIZIRT & B & O EAERICOWTE 2D, TREIE] (TF T & BRSE & O EIEM
D—FITh b, RO DFAETRDE, WO DRFEDKEEDOHKP LR SN TND
ZEBOND, ZOREOKEDNE THR) L0, BRE O RIS U OEROME 2K L
1277 7% AT bl LIRS, MR AN hVITR OIS & BEECBb - Tl |
AR M EGDTHE L OFERMERE TR 7] LW ETFONHTO XS i TN
B OWRDFNZH O HERICL Y JHTFNOEFOEE L TULTORERENH LN oT,
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A) FFHNOBEFOEEH =R LF—13 [EFE] LFHEh2EBEE 77 EK] & TH
BAHT HAL, REfgE (& e LD,

(B) B IT= VX —HICKIST 2HLEZET L TRV, oz [JRriE] &S,
JRFHIE T S FEORE T n, [ mIZEoTHEEND, FETEHOLHERHFMIILLTO
LB ThD,

cEBTHEn: n=1,2,"
s fhiEE L 1=0,1,2,...,n-1
GREFE m . m=-1,-1+1, ..., 1-1,1

(C) FHuEITEE 1L FEFHOMEEE > TRt shTwnad, FiidEHizon
T, 1=0,1,2,3, T3 LCHUEA 23 s, py dy £, - HLUEEHID Y THAL, FEFEOK
il & JeBEIC AT B,

(D) ETIIAFETHEICHK 2 HETALIENTE, BEFZR X —DERWEFHLEN D
BERMICEFEEIND, FRFIEOEFZFAX—DOREIILUTFOLEEY THD Gie
TEw] 1% TsWuEDE = xL¥F—] 2EKT),
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UUTFTORITIFEFIEZXDT D 3BEOEE n, [0 m EXINT 2R FHUEDOR 5. T
B O EFR L TND, ENOKZEMMICHOWTHREDIEE HIEIZ Lo > TE RSV,
l JE-#E D JR-#E D
n m
e K
1] 0 0 Is 1
0 0 2
2 [Q68 ][ Q69 |
1 | Q53 | <m<| Q54 | 2[ Q60 | Q
0 0 3[ Q61
3| 1] [Q3]<m<[Q54] | 3[Q62
2 | [ Q55]<m<[Q56 | 3[ Q63
0 0 4[Q64 |
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[ERRIR L CTH LU,
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2 [0] @ X 5 e +DRICEIER 2V IZ0%~—2 L X, [ Q69 ] [Q71 ] [ Q73 ] 1zix—
DRLDBAEEEZ IR S,

BT UTORIZLHEORMEOME LR L D, B0k & JEYIE OB AR~ Fo
D~BD LD FRHHEE S TN D b DE—DBOR S,

(A) B

©

(D) (E)
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* )
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D FEH(A) & (B)D RSN T DR THEIL s B TH 5,

@ LHRC)DBA A DR EF O HUEIT 2s HUETH 5,

® I N—FD)DITEOIT d BB OIE FTRER B T ORI E 8T 5.,

@ FTHEE)DEFDOITL Is. 2s. 2p. 3s. 3p. 3d. 4s. 4p BUEDINA W RER BT D K DA G
ELFLCTH D,

® I N—T(F)DTERDBINEET I HOBINE RN T FEE 54 LT 5,

JRFHROBEFBHNOZR VX —REICE T L% [BErER] Lo, RTrHPoOEFR=
ANXF—DFEVIREPDIERVRBIZEFERT L&, 020XV F—E LRI L= LT —%
bol 1 HONTE2BINT 5, ZOKRHSNIEPEROERTHY | ZORBEII() D H R
DOEND, BEFEBIID DRI 2 Lo xR —IREER TOREZ 5, Z D5 %2 [ERAI]
LD, BEFEIZOWTUTO LD a2+ o= ¥ —REMTOETEBITEZY
T FRER) . FUEWE SRV X —REM TIHEBITE Z iz v (ZEHES),

cEEBHOn . SR L
TPl Al=+1
HREFE m: Am=0 E£721% +1
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42z F—2 i EFEITH L TERL
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B2 I E N,

FEFHEDTRILF—

BA R & BRI O AER 2RI L2
FORFEEZITERSITEL LT [IRFUOE
oLl & TFERE 77 X~ (ICP) 13
Bl NEL Mo TWD, ZO oD
BITRENAR T O R ORER L OEE LT
I, MEFRHTZENENUTOX ) IR
Do

FHEFH
0 1 2 3

B1 F+hYYLRERFORFEEE
TRILF—HELE

Uit o iris]

REHARE D DB TR AX =N BIRVIREO R 725k U, JE ROtk O iR %
JRE LT, FHPONENEZNETHZ L CRREORESCERLIT ), R TFOERGEL LT
TEF LN —F = AOREOWEFIZ L HME (2500 K F2E) BRH I TWD,

[1CP Ji156 k4]

EHAE D DBEF TR X =@ OREBOR T 2B L. 235 2 WO & K
A B SN R AT PN SIROFERCEREIT ) T OERTEET VA
AT LEFITER LT A~ OB ORI L 5 IE (6000~10000 K) 23FIH S
ncTunasd,

COOHEZTE bISEOBEEZRET B0, WERRLUS O 2 R HIEZ SRV D
L ROHIERE 2 E S5 9 2 CEIECTH D, ~OOLNIEIC BT 2 5% b ~7 Q76 |~ Q719 ] @
SCEEHR O TRREAE LU0, B> TOIEO BV S0,

Q76 | : ICP 3013 1 M oBlE CRBHC ZFE D TEOBRHAFARETH 5.

D LROERZITOIHE. £H O OMETET G IR OTUEHI X2 O WX GR
FEF 723 FOEHRAE 2 P L, BRI L OO WRILGREE & 7 13 FEOLTRE D BAFR A& FBRIC L - TF
SHEBERH D,

[Q78]: FWOEAHHETIEEE (B LISk 2 2 1= 8 |2 W Sy BEHE 8 2 7
5.

[Q79]: T %R BB 1L H HTER OB LA BAL 72 & DIEMRBEIEWE 3R S %
L RD B, BT O R TIOE ST & U ICP ST ROGE T AR SRR,
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[Se] OWfFRITAcTRT 4 R ZADOHERFY U7 0EET T 7 L A5 A (Euclid) 2%
TEDPDENDIEEDOEHEWELENH Y 7, 2015 Hix [ EOLHE o EEESE (EEEEE) ]
T, SEROFBITER, —xrX— FldE, KPR ORI 62k, b
HRAT, ATERRRIZE DRIV BFORAE L > TE Y, Z2< OXRBZHFOBE LR LT
NEORBILIHY 2 EHEA, FLANEOHIZET HEWVHEDOHF T, 1015 FDOA 7T - T
JL e oA W2 (Ibn al-Haitham) (2 X A28, 1815 42D ~7 L %)L (A.J. Fresnel) DDk N
Wi, 1865 DO~ A7 =L (J. C. Maxwell)  DIEARIEIZEI T 5 EREEGR. 1905 DT A >
2 H 4 (A.Einstein) DOYEERNEL L O 1915 O —fRFRHEFGR. 1965 FEDH 4 (C.K.
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LRRIZEBALT DO NARFEELA ., BE-EEOELEBEEILI D KEWZDTHD], 777
VYR 7T A1 DROBEHITRIRDE/RFED MO RRED E/VARFE & X TH KREVE
EHTDHIENBAKY LD,

@DTHERTWND LT, KIHMEEIZT LM 5 &< KBITTLHZENTED, ZO%
BAEMBL T, MEAT 2 EEET L2 RBLPERGOGESRAE L LTERICFIHINA TS
ZOEANMTESEREEEE (T =X RI4) LRI TV,

R4 BRESCORENDRISEF T AT RV F—AG RO D, FEYEE ST PP =1.0x10"Pa & LT
WO, HSE T AR —43ET25 L.

-1 -2
AG = AG® +2.303RT logo (PCH“OH j x (PCO j x [PHZ )
P 7 7

(1.0x10*)x (1.0x10%)?
(1.0x10%)x(1.0x10°f

=21.21+2.303x8.314x107° x500 x loglo[

=21.21-19.15 = +2.1(kJ/mol)
Z O TCITHBEZHHEICT 270l h X TREEROBMALELT L TNDL I LICHEET L4

ERDH D, KUEEMOHEMIZIK 'mol' THHN, 22 CIE KK 'mol ' CEMEZITH, ZOEH
WD, KR EBOEIZ 8314x 10° kKT K 'mol ' & LTH-TW 5,
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Mo EE»OELEEME T TOE O FERIGS E IIRIREEZ LA AR A A U A, ¥7X
TRNAX =D dG 1TAIZRY | W B bR A UG RIEE a2 & 23 TICEPBI L
TWb, TOFEEIMMEFAISICE Y T T A XX =N RKE B LA THRERICK Y 2o,
DFE Y EIRMPOELESEM T CTEOLFERIEN BRIICAE L GE (RafEfRoRns) X X
JEF T AR NF—DEAG ITAIZR Y | PO NAE L7es (IR 0%E) 1T el
5, B CREA LI EBY, MESXOIGEM: TIEAG BNIEOE L 72 5 O T, G BRI HETT
L72uN,

B4 RIESC OS2 7= O3 RO DR LETH D,
(OB THD © AH>0
QUG E RN Z D : AG=AH—-TAS<0
Q) EVAH<TAS BB D, ZoDFMEEEL 0D L,
0 <AH < TAS (C)

FESIE DG EIIRM()A. AH<0 &72%, AL BIRITHETITT 5 &R,
AH<0<TAS (D)
AH<TAS<O0 (E)

B TIE, BZ BT 2506 CGEEVER) OB, REOBRTFAVF—E2 T 5L TX
DRZEIRME~EET DD, KVBEROICETT2EZ2086THL, LnL—FHTHEEN
LENE NN S HREINCHEIT T 2R (REVOR) bAFET D, EEIIIbF RIS H %
BINCHEITT 2= R AX— (ZZ TR Z L E—) DI TRET 5D TiE/a< . ALZFRUG
ICEAXF T AR X —DINE TRIET S, ZOBIIZSRMO) EM R THIERASISTH Y | &
(D) & (BE) & ifi & THUTHE L Th b,

RS EERNX 7 AT RV X—AG® & BN T )V E—AHC, fEHER ST ha B —ASe L
DORARIIELH(Q0) & FIERIZLL TR TREIN S,

AG" =AH" —TAS’
ZORDOAGERQDIZRAT D &

AG® =-2.303RT logc K = AH" —TAS"
.. 2.303 loglo K= —ﬂ +£

RT R
ZORIT T 7 bRy TOREE TN TWDE, 772 bRy 7ORNS, PETEEITIEE K AE
L, BE¥RET X2 E— SN T b E—OEIZ K » TRl EBROMERESND Z &
L TWb, 770 by 70XEFHAT L L, FEEEOEERGFHEEZRETHZ & T
NG ZODERERETHIELARETH D,
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MR B TRDET7 7o bRy 7OREFHHARNBOENZRMAT 2 & ZOORESRMEICKT
DV EER DI TOXNTEREN D,

2.303(log K1 —logio K) = 2.303 logw(%j - —ﬂ(i—ij

2 R T] T2
bbb,
2.303 1og10(£] _ _ﬂ[L_L]
K, R\ T,
SUFORTHEMTH 5,
230310g, | Ku |= L[ Al _Ad
k) ®Rn T

R23)E, FIEBOBEEIZ L HELORE SIIEARER ST o Z Ve —|TK A7 L, BEERS= 2 b
O E—ICIHEFELRNWZ E 2R LTV D,

KL VEERMEN T, < Ty THDEING, AUOH v aNOEITFEICATH D, & Axikoik
HIZHWD &, K>K O EENIFA, Ki>KDEEIEDEE 2D, Lo CHEEERIET U H
VB —AHC D56 OO ER DO RN BAR AW T2 Z LR TE D,

Bt AHCBADOEE. FEROR/NERIL K> K 230 2o, DF VIREZ T 5 &R
REITAERANCBEIT 5, Ay b Y ZOFHEIC IAUE, IBEMET L X 5 I EHRIREEN B
BT 5137 THD, AHPHATH D Z LD, AP~ ISIRASUETH Y | Buzst~L
B Ens, ZOBREZFHAL CGREDKTAMZEL LS L@, LERsThyy MU =DJF#
L—ET 5,

TIZAHC R IEDLGEITE 5 THAH D02 ZOGETFHEEBILK > K, L 720 | FHERRREIZ SIS
MBS T D, AHPHBIETH D Z Lnb . ARl ~ETT 5 RIINTIREETH D, Lichi-
T SIS ASEITT D MOSITRBSIS TH D Z L b, AHPPADEA L REEORIL E 72 5,
L7=lo T, AR XL E—DFBIZhnb LT, vy N ZOFEE 52 LR
PNrb, BEN<L ThHhoThH, ARy N =D E T 5,
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2012

WO EE T, LTOM (RB7~/BY) & 27230,
3 fRZSHR 0 [ Q24 ] ~ [ Q7]

%%ﬁ?@%%i 20 HALICHB T Db RERBFENTHORED —2>TH Y . ZUuHMbFEDsy
CHREREBEL GO Lo, AT, A& Mz ET T, Tha B0 70
fi INEDEIICHINDINEBEZ D L ET D,

BT NFOHE—-HLE LT, 7727 (M. Planck) IZX &R E, TA v a1 r (A
Einstein) ICL D NBEFHNEETH D, 770 71F . mEBVWEORNIBIZHONTHRE L, XD
TR —=PHOEIEAZ BT 2D £ B 2T, WEOEE L HH SN HORME (27 L)
EHBLI, 777 OB zF, RO LX—%, #@kE i< LoRBE R L LU E
VDfEZ B D] L) ZEIZESNTND, TRAFXF—NEVEVDEEEDLZ L% TR
LTCWBERES, TA v vadfit, 770 70EZ%2E &0 ki & LToMEE Ho)
EBEXDHIET, KBHRLEMINDBG L FERSHATE D Z L2 A Lz, LB,
E, H< DAL TV E LToOMWE QL) Loxr¥—%2b ookt ChiviE) &L
TOMEE I R THET) ELTREBmMEND LYo, (1) K74 vargr

DEELTOtEFHEERTATH D,

E=hyv=— (1)

ZIZT, BRI 1O R AX—, F7-h (=6.63x10%Js) 1T T RO ERTH
%, ¢ (23.00x10°ms™) (T, UINHDOWETH D,

M7 FRad, B EEHENSBIR TH D, BEAKFE O E L T TWAEBDELLTD
O~@DDOHF N E B2 SV, | Q24

O $kOEZ ®IRIMENL 72 RFIZ k7= 5

@ Aot

@ KBt

@ HEEERON

4 R 300 nm DYEDORIA- 1 EHO T FLF—ZRKDL I,
[Q25].[Q26|[Q27] x10 [Q28][Q2] 3]

KRFERF ORI —XERARMEEZ OO TIE /AR EVEVDEE b, ZhiuE, BF2N &
?JT%%;&&%%LTPéo::#E . KFRFIZHONTER D, A—7T (N. Bohr) |
KBRS OFRHEZ AT 272012, JRF-OFLIZIE %ﬁ(w)%%omé&&ﬁab%@ﬁb%
AEM (—e) OEFVEEEH L TWL T2 HRET L (B 1) 12, A—T DEFHEEMFZ I
DANT, HILWRFETLVEZRE LI, ZOFETATIE, BE me OB DR O EERE r
%%OTEEVTHE@%LTwé@T\Ebﬁ(mg?Jk&*ﬂy%ﬁ(%gé)ﬁ%Ué

WIR DBIFRALNLT
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ohkura
テキストボックス
3

ohkura
長方形

ohkura
テキストボックス
物理化学　３．前期量子論  （2012年出題）


VA e? S
M~ =k, -
r r

TIT ke (2899X10°NM’ C)) 13y —n L DEHIOER ‘

, ==
T, Elo, FeT BEA LR, KOBRR | BRF % BT
| L2 ¢ -C
TRIND, 1 ‘e 1 lv
nh \ /
mv=— (3) ' )/
2 AR .

T, hFT 7o 7@ niTEOERTH D,
1 AKFFRTFOHIBET L

2

FUF DA 5 R —E, 1, iﬁ@m&zw—%my TR F— — K, OFICh B, (2) i
r
VDL, BT RLE—E, LEEr & OMIC, ROBIRRAHE D o,

1 e? 1 ¢? e? 1 e?
En:EmeVZ_kOTZEKOT_kOT:_EkOT ................ (4)

RArY  BEREE r IR RSB LV, AR r ELTIELWSDE U TOO~@D )G —o
VR &,

nh? nzh? 3 47r2k082 471-2k0mee2

47’k m €e° @ 47°k,m’e’ ® n’h’m, n’h?

) r

BT n=10LXOFTEREr23HE LRSS, 72771, e=1.60x10°C, m,=9.11x10%" kg &
T2,
[Q31].[Q32] x 10 ~[@33][Q34] [m]

(4) RICBIDBERAT D ERETOZFAX =R nIKFTH L, DV ZOENEVE
VTHDLZENTND, LERST, n FRTFOTFAF—DENWERTEWEEL S, E, &
HIET R LX—, TOZFNLF—DfEZ =X —YEN L IES, F-ZOREEZ, =X —ik
HE, FERAEZR & LIRS,

A TR LF—L LTELOWLDOELUTOO~@DH) 6 — DU S0,

21,2 n2h2 21,2 4
nh;ne ®E, =— ® E =_27rk0mee
87 87°m, " nzh?

21,2,n2-4
2z°kymze
n’h?

@ En = - @ En = —
KRBT 2N T AECHAURESED LREPBESND, B2 AT MGIT 5 L,

WL OO BIHI SN D (B2), HEICE D KFRFIEIE =L F—IRIBIZR 5, A3,

TR X —IREE (E) MOETLF—RE (B) &L BB §2L30, XelhTd
(B3), s F— (hy) I, OO RLF—REROTRLF—E (E,-Ey)
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IZFELW, DD BE TR S WD RIEANT bid, KER T O RV F— 1 2 T2,

T 1 I T T 1 [ >
FDEE 100 150 200 300 400 500 600 1000 2000 nm
N/

NILT—%F|
B2 KFERFOIHELA~NT L
Y a—RF~U (. Rydberg) 1%, fERANIZKFERFOIEEEDN 5) ATHHATE LI L&A
W2 L7z,

E,

2T, N MITEOEE ADoK EEZFRT, RV hv
22— RV EHTH D, ~>

A n=1n=20&x FLHEEIL121.6nm TH D,
Ua—RFRUEHKRZFE LRIV,
[Q36].[Q37][Q38][Q39] x10 [Q0] [m™] E

B3 mT-rLF—REBE N
TARNF—REBENZERTH L&
(2 (hy) S D

B4 n =2 =3, 4. 5. OFRSNE L~ —Fb & IF
B S RIINIHRT B IR A RO S,
| Q41 ][ Q42| Q43| [nm]

Y BXO=RAF—%E TR MM @V)TROAS W, 7720, 1ETH ) Oz FLX
— 1eV (=1.60X10"J) 1Z. 1mol H7-Y D= FLF— 965k] IZHHYT 5,
| Q44 | . [ Q45 || Q46 ] [eV]

=TT ME, KFBRFOFENART bVEIFEFHICBHHT LN TE D, 2FD, U
22— FRUEBIAR—=TET NV EMNTRD L ZENRTE D,

B U a— FRUERR ZELLET LS ICHYRRI 2 U FOO~Q@0 thh b —>3 i
V&, 12721, [Qa7]icidEsiz ., [Q48) 5 QB4 ficid sz AN b D ¥ 5,

@ oo, [ ] (o] o), ]
€

R=[Q47

3 @2 @1 @o ®G®1 ®2 ®W3 @4 O©S8

fla A4 AMb= A F—,. n=1DREICHDHE T &2 ER=IZH Y £ 25DV FE /2T R )L F—
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s LW, KEHTFOA L M= RV F—% eV B TRD 2 I\,
| Q55| [ Q56 | . | Q57 ] [eV]

— DA ALZRNTIEE A EDILRIZ, RTREDHEETH I EICIVEROMED L 72
TIRFGFDNOIE IS EROREE R EO LV EMTERBR D FEEKRT D, —DOKRFER A H
WIS EAKRFEGTRERT D, D& &, KEHGTITKFRF &R TRV —MICLZE
Thd, RENPOHTERT HEICEL D REDOT RV —IL, 51 OFEEGT R LT —ITH
BT 5, DTORBETAINT—ZHET D HEO—2ICBLFH RN H 5, BYLFHEATIX
AL EG 8 D WIIE O ZREDAREZEAL OB A U S BEIC O\ T, BEE 2 IE, WE G &
BAOEEEFRLTND, BlzIE, KFELBEFE L OLEGHK (Hy+ 120, — H,0) Tik, By
FRERIUTO LIRSS,

H, (K)+1/20, (%) =H,0 () +242k)I (6)

Bee TR E W5 & BEERINT 2 Z & ANEER LSRG TEH > THIEESUS IR ESUR
NEHEST D Z LB TE D, KEFFNOKRIRFZEKT DS EBYLF A THE SR L
LITD XL SI272%,

H, (%) = 2H 436ki )

My () Ko (i XY 22 R 2 LL T ODO~® D i B DU S,
O+ @ -0 x @® + ® +

FEED FIET, IR TOMET RN —NRETE S, RS TO/BET I —1T, 242
ki mol' TH 5, KENHTEWESTNKIGT HE HCl BERKRT D, 20k X3 AT 5 AEMET
HCl 1 mol 7-Y 92.0 kIl Tdh 5, H—Cl DFELE =R N X —1IKEN . EES TOFRELSTZFRLE
—. FZHCI ORIEEERNT, =X — 717/ (~NZADER]) DHFHETE S,

S HCl OfEE T k¥ —% kImol? iz THE L2 S\,
[ Q59 | [ Q60 | [ Q61 | [kimol™]

S TR HCl DfFE TRV F—1T, KFEHF LEHRSFORRE TRV F—2FE LT
LV b RERMEERD, ZHUE, D TONETITBEWORY (i) 23H 0, Thic kv
ek = RN FX —DOZEMNEZ 506 ThH D, A—VU 7 (L Pauling) 1%, 7 FOfEETR
NF—ZFH LT, 2 FNOEMOMRY ZFRHMEE U TRl 2 TiEE2BR Lz, Zhid, R—
U ZOBEREMEL L THENTHRDEHEDT, 8) REAWTRDDZLENTE S,

1
2

1
|xA—xB|=[DAB —E(DAA+DBB)} ................ @)
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ZIT Xas XglFEhZENET A, B OFEXEMEEZRY, %72, Dag. Daa. Desld. TH T
AT AB. AA. BB DA ¥ — (HfLeV) &7,

AR ClEFOEBERRBHELRDREN, 72720 X =22 &7 5,
| Q62 | . [ Q63 |

KRFRTERICE T, D FCEFRICE =RV —EMNGFEL, BT RLF—REN LK
X —REBITER T D L X ITER Bl s h D, BhF A4 — K (LED), AREEREE (EL)
TAAT LA RENVDHTZD XS RBEFREBOEIZEDFHNATH L, ZDOZ DO )LF
—REBEOT RN F = (ZRXNVF—F ¥ v ) [T FPERI L ICRRIEROEE 25,

il LED 3R, 3, HOXIICRE ST THNT D, b =D LED AR T DMkt O =
INF—=F vy v TORESFTED LI RIAIC/R DD, 4 72RIREEZ UL TOO~ODF 15—
BOZ2 IV, | Q64

O R>FH>F QO FK>HE>H @ HSKR>F @O FH>SEHF>R O HF>HKR>E © F>H>K

PR LTS, WEIIEERINT S Z LI X VIR R —REED S E T R L IR AR
BT 5, KBTI OB LV E 2R3 —OROEGED D & O HLE IER S,
bl ST/ BE O R AF—ZERE LTHRY HT, A= XF—noEiR (BT rLrx—)
~OEMENLL AT D TENTE L RGBEBROMENED LN TEY, FTiIciliifban T
WHbDHHL, LL, BEOKGEMIZIZ= XN X —OERNRNELR D EIFEZT. LV
BRI O KIGEM ORI HF I T D,

KIGFEZIE, AR Z BRI 2 R OB EEN TNV D, B—O NI ED 5 il 5 K
PHEEM TIL, TOMEIOZR A X —F ¥ » FTHLETHEE LY b= X —lloY (FERE
THEE nm BE) ZFHATAZENTE S, LVIEWEERFAONEZFMT 2 Z EnTEiul,
KIGBEMOMRE LT D2 ENTED, SEIERTFAX—F ¥ v 7 EFFOEEO SR B
BHAEGDOED LT, KBEOWINEE#HZIA 562N TES, Kil, 2OTATTIC
HESNWT Z0DOMEH & fAE D TRIGEMAEZIED 40% %8 2 5 B FENER SNz, D&
T, R AS LEMO T 2T DIRIC, MELA (X —F % v 7 188eV), #EB (=
FNF—Fx v 7 142eV), MEC (XL F—Fx »7088eV) LT, KEHEEZFELL
IERATE S K52 TR L7z, MEFA B, C AT 2RO (Hig) 1%, Z424 250 nm,
220 nm, 550 nm T& %,

Y ZOKBEREENRINTE B EOFEDRE L2 0#PH ( Q65 || Q66 || Q67 | nm 25
[Q68 |[ Q69 ][ Q70 |[ Q71 | nm) #skw7e &y, 7272 L. [ Q65 ][ Q66 |[ Q67 | nm<[ Q68 |[ Q69 |
nm L5,
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2

< <SRBI > >

7

fE A

5y

Fl:ﬁ I

EN

FAh

RS

Fo

&4

i3

Y

D%

R

ik

&Y

Q24 @

Q25 ®.

Q30 @

Q31 .

Q35 ©

Q36 O,

Q41 O,

Q44 .

Q47 ©®,

Q55 @,

Q58 @

Q59 @,

Q62 ©,

Q64 ®

Q65 @,

Q26 ©®.

Q32 ©,

Q37 ©.

Q42 ©®.

Q45 @,

Q48 .

Q56 .

Q60 ©,

Q63 @

Q66 .

Q27 ®. Q28 M. Q29 @

Q33 @, Q34 @

Q38 @, Q39 ®. Q40 @

Q43 ®

Q46 O 72120

Q49 ®. Q50 ®. Q51 ®, Q52 ®. Q53 ®. Q54 @

Q57 ®

Q61 ©

Q67 D%72/30. Q68 @, Q69 @, Q70 O, Q71 BRDOP 2>
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< <fsn > >

HAFZERE 7 ADFRE T2 Z LT E<mbhTnD, £z, fIVWAY v MI@d &[H
Pr LRtk E 2< 5, 29 LIEBBITERE THH Z LA R LTS [EE], —J7, 19 i
FLOKDVEND, HEWE L TEZD EHHOONRWHARNHGRSND L O 272 o7, BIE
(B—HRr DX B BOWE) BNEIRIZ/2 5 & NEF L, AR EME & 23R 1<,
BENEVNEEFAWVEZ BN T2 2 Mo Tnsd [EREKS], 1900 Fi277 7 (M.
Planck) XA KEHICRIT 2O AL MEORBREZFHIT 5720, BRIED - (BRIED %
W& EZTHE) DT FILF—E N

E=nhc/ A

ETHERWIZEEZRWE LT, NI THLHZ LD, KT he/Aib W) =L —%H o7
W ThdZEEEWRLTWE D], £72, WEIDEE Y TH 2 &L TEFDROE T HELN
HMHNTWD DEERIR]

BFOMMIE, &5 —ELL ERERIREE O TRITHITEZ 67, LU T OREE D

EVLSHYTTHE IR LTI 20,

REEEOREVHE Y TD EHHENDEFOEE TRV — (3L DI, ROHTETO

BT 720

PRV E Y TH LT SADBEBFDROH T2, B 1 #HH70 0 oFE# =R/ ¥ —|221/ki

A
EWV o TORBHR ORI, XV R L L TEX D LHHOONRNE D TH o7z, 1905 4
W27 A a4 (A Einstein) 12 OBGE KPR+ OMEEEZ > TWAHETHZ L THMT
XD IR, DD D D) EWIIEBREOZRNX—F Lok - ThDH I EN
IRKBAEND KD oT, ZDX DT NEEWE] & DM 2z zboz &)
LIRS, DL EOWRRITE T SIFOMNOEE CREERELERHZ R LD THD, ®FI1FD
REFFIGEL < FEDILTNDO T, BERR ST THTH BT,

M7 BAREBOHEERER L M 2 BRI 2 R 2 BN 5 L BRI AT 284 CTh v | BRI
DFRFEGIAT (AT S ) FINBGREE AR T D, JEIFERLIL D —EBTH D 72D MBYRAEIZ L~ T
XA E LTI 2 2 EDNATRETH D, Z ORI D AT MV A6 LR
WZHEYE L7777 7 (M. Planck) To D . AR OBEGAIME N O B 7 1703 6 - 7=,
Fx OF OB IZH HWEETZITMIRIZONTHINEAT 5 & BB ORI WL A 7 |k
NETRT, O BIEBHOREKNZ2E], & &b & BB OMEIEe R 2 INEN - @hfig3 2 %9008
NOBREZIETHDICthE T bl Tns, @ @ KFBIIEMAICL VR ERT 5
HKIETHY , BAEBIHZEI VD ER L T D, EERICKEDO AT MASAIERIEBI ORI 5
BONTAEREBO—8Emd, BRSO 5 KB OEENK 6000 K TH D Z L 3bh
S>TND, @: BERICEREZRT E7 4T A2 MR L, BIEKFHZIV EZRLTWD, @
AN TRZDDIIRENE K L TND72dTH Y BRHS & iTEERERA 2, L)
TRVITOTH D,
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R34  hc/ A= (6.63x107*) x(3.00x10°) / (3.00x10™") = 6.63x10™ [J]

MBI T D N FREMRTFOHN B L, Fkolzi B bWnichb Lty BRFFIC
BT, ALFZOMEOREFIIEBHR TH Y | GfFENRBEMANE L SN EEZHEMLTHE LW
W, BFEMERTEER, KA EE bR EOEDLY ZE>TWNHET5 &, JRFD%
HART PADOEVREVDMEEBAT LD Z ENTE R, JKFORT 2 HITFEDIRE DO M1
RS, BRI OB EDOERINK Y SL>Z & 2MHT 72012, R—TIER—T O&E T
G & JIENAGRARE L, ZOMBEEMR L-, ZOREIEN R0 KIETH 7225, KER
TR 2 ERERZ RFICHATE 2720, RO T 7 0 7R0T A a4 Of%EE &b
WZR&F NPT LR oT,

o BT o)A ER)RNGHE vAHET L LGELND,

el = n2h?

"= akme = (6.63x107*)? / {4x(3.14)°x(8.99x10°%) x(9.11x10™*") x(1.60x10™**)°}
=5.32x10* = 5.3x107™ [m]

B4 RESCHh o@D D2 RAT L E/F0 5,

B 5 B IO TR BT 5,
R=4/(3x121.6x107%) = 0.010964x10° ~ 1.096x10” [m™]

BIF Gz AL, mBARELIRDICONKOFLDEIIREL D bbb, DEV I}
WICRER mEBZDEHLIERIAICNRTHEEX DN TED, Lo TIURERIZ4/R
ThHxbihD,

A= 4/R=4/1.096x10" = 3.649x10™'[m] = 365 [nm]

1Y FTEVICBF CROCERICELYT L R NF—% Va2 — VHEAQ)TRD D, RIZHE
RV NHAL(V) & Y 2 — VAL OBE 21T LBV, ORI Z NI ) B OISR &
DFEBRTIE, TFAX—DHLE L TEFRL NEMEHND Z ERZ, 20T OREHS
(RE D SEWI DRE T 207§ 2 RO JEE Tk, 7 U L ¥ — DRt & R oI AT (cm™) 2
W5, EEOEBREROMRTIL, 2O LD RESHOZRAX—OHMNOBMENVLERGA S
EAAN

E=hc/ A =(6.63x10%) x (3.00x10%) / (3.649x10™") [J]
1[eV] = 1.60x107 [J]

E = (6.63x107*%) x (3.00x10%) / {(3.649%10™) x (1.60x107)} = 3.406--- ~ 3.41 [eV]
*FREBEICEL o TE, 3.40eV LD,

Bl ORI F—HEME O RLF—Z(EN, - En) L S0 =¥ —(E
=hc/ )WFELVWOT, ZORAKRER(1), AE)LVHEA ORENHE LR,
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2
e, g, =21 L) gL 1]
LRZZf%%mé
h®c

Bl nm=10EFZEREZRICIY EHTOICLBERTRVX—5E 25 2 LIE B2 & X
NDBETORT VY LVEXNAF—ORUMEL L THOONDHEN(—RIZIZ 0 £E22)EZ0D
WEN OB OWIN T AN F—2EZ L2 EIZE LY, BFLRIUEZTTn =1 D0HEOIEHEE
BEZ, ST DHTZRNX—EE AL NEALTROIVTEN,

A=1/R

E=hc/ {4 x (1.60x10™%)} = (6.63x107>*) x (3.00x10% x (1.096x10") / (1.60x107*%) = 13.62--- ~13.6
[eV]

A F AN FNAF—F R ET D AR ERTFIETIEE LD ETH Y, MESRICHZ FLF
— DB & B LB SN BT O R VX —RELZHET S, ZOFEL, 441k
THNAF—DORELT TR, JRFFPOEFORERETRDZ LIZHIHEHI TN,

R4 L B ClIEbF R L HCl OFA =R X —2 HBE L TW5, BYbFHRRIZ oW T
IXEAIC L > TUHMEZRORETHRICFEE L= bt Bbhd, L LRKETEET 5)E
L TIEBEF R L VBB ICER SN D20, SROLETEE LEAR S ITET OEND
N D, SRIOHBEIZER TOFEICESWEMBE L o TWD, BROH 5 FIIKFORET
A SN DI FOBR EL —HTDH 2 L2 HERT 2,

R BRSO TRES TIIKER T LR TR A~ LETH D) EEIPNTND,
DZEMD, KBRFNOKIBSFEERT DERITIE, ZEMCE VRS RER VT —FEL L
THHT 22 Enbnbd, 2F 0 TKFFRT D TKFES T 2AKRT D ONIEESL TH
5T LERLTCND, ZOWRIE, DFEV [KFGF) 16 DKERF] AT DO IERE
FISETH B, (NN [KEFRT) OERKIETHD Z ENE ZOMISITRESR L 72D . Q58 (2
ADLFFFITA () 12725,

B )Xt LD EUTDOLIITRD,

H,(5) = 2H — 436 kJ (A)
Cly(&) = 2Cl - 242 kJ (B)
H, + Cl, = 2HCI + 184 kJ (€)

I THET AR FMESCPIC ERES TOBAET R X — T 242k molt] L EPN TN AT

b5, ZOLEOHEAMIKImOIT TH S, T ERY 1 mol 7= 0 IZHE e o R L —73 242

KITHsd] EWnWHZETHD, (COXTIE, HCI A2 mol Ak LT\ A Z &b, ARk 2 mol

X92kImolt=184kJ L 72 %,

(A)~(C)RAT W THEFED HFER L AEEIC, (C) = ((A)+ (B))RAFHET 2 LD L 5Tk D,
2H + 2CI = 2HCI + 862 kJ (D)
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(D) FRNaic32 s AN
H+ Cl=HCI + 431 kJ

(E)

(B)=UT HCI 1 mol A=A NLF—2R LA THS, L7 -5 THCI 1 mol DffH = R/LF—

12431kl TH %,

RIRIZEBEREHEICETAMETH D, 22T FOBROMRE D N8R ET 5o T
A DEE & TRV —DBLE SRS B,

MESCTIE, &
ICEFIEMAR KO ICHEB) LT
WAHPITTIEZR L, ZOHEH)LY
2 b7 g =GR E IS
XOME(EFIBBIR) & L TEBL
ENd, ThEFEFHLE &S,
PR ORFHIENER D G
LRV AEKRT D, 2oL EH
TACHLUENER SN D, ZhvE [y
FHLE] EFES, FFELED & &
& RERIC Y TEGEIC b A O %
X —=DFET D, BOTF 7

WTRFEORE D ZRl>Tnbd E LT, 72720, FEBEICE, fHET LD LD

A FUREE S = A-BHF(REEEH)
_‘ —
,' N " , JR¥B
RFA s [RFA " ,'
A ) '
' ) RFA '
Q9 :
A FEEEHE) ‘ A-BHFEE BT
IILF—IREE

BD BT L5 FOx X —RED B,
()5 R0 . (8B R+ 7. MP@IEsE T
MOFEEOBRICIE SN 2 E L

BT AR)LX— & o HlE O = %
NF—REBOEBERL TS, T TIERGMHEREIL LTIRF 0 FIZONTELD, 5
TR FIIEF CBEN SR D EZ IR o1 & B2 D RNl D TR R0 1086 5,
ELLOTJRAFOHETH, JRFHUENERVED Z &K, o 1FZ2KT 55 FHE
BPEEGE) & o1 E RS D 0 TRGE (R A EIE) 2 TR T A, W, S HEPLENE T 5 =
RNF—IEGEEMHEPE L VRS, BFARAMEIELZ SHT 52 L T FREREND,

F IR A0 FOBREEOL), a0 _DOREFHED T 32 LF —3F LN, fia T
B & SOEAMNNE O R X — 1 F R HUE O R VX —E I 5 L ERREICR S, ok X
ZOORT O HIED, S FHUERRASOFGIIEL 2D, o THUEERAS~O TR ENE
NDFAIZONTE LW, ENENORF1ALMEE S E r g s RkieL 2y It
BREAETERT 5,

—7 ., B TR (BOA) TR, ENENORTFHUENE T A= RV X =PRI D720,
PERLIE OO = % L —1 37 O F#E = 1L F— T VREBIZ 72 5, 20 X ) 2fRiE ik, f
PEBETZ A~ D A 513 L 0 = R F—REDS T WR DR FHLE O TGN K E L 725 (BDT
IS S TERE R~ D F 5 TR 1 A DR FHLEDO T H N R E < 72 D), JF 18IS ORE A PEEIE K
~OFHEDOR I, D THNOEBMRORY (D) ZE LS5, ZORY OD, fEErEETE
AT TRA T UREM b A LI FiuE & 72 5,

RO R E NIy F ZWERLT D i OAL PRI T T 5, ZNEIRFOEBE %2 H HICH =
DT BHRENEBBRSIT A ENTE S, A=V 7 (L Pauling)l. 5 Fi#E & 5+ DOfiE T RV
F—ZFH L CRFPEF LG DT DN 2B T D L2 RE LI, ZABRR—=V 7D

pAY
=

AN
=
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BREEETH S, BREMEIZIIAR—U TPV DODDOERBERIN TN D, iz
IE~ U 7 (R, Mulliken)iZTEDA 4 b X — LB FHRMNONLEKEMEE(~Y 7 0%
RIEMEE)ZBRL T D, RO H 2 H 1T £ 3B L PO EL T2 %28
BT 5, SROMBETIEIR—Y 7 OBEKRRMEEN D EEIHEFOBEBRZMEEZFHET 5,

IR R LR 22 2 & T, Hy, Cloy HCL O 1 mol 24 0 OfEA = %X —i3ZnEh, 436,
242, 431 KImol™ TH B Z ENF- TV B, THhHDEEM > TEXRHEZRDD, 0L X,
ERTOFEAT RV X —DHAIN eV THhHZ LIS TS, 1eV=965kIimol’ TH5 = & &7
M3 2 EEREIZUITOMEY Th b,

1 1
1 o [431 1(436 242)]:

X, —Xa| =| Dy ==(Dy, +Dg ) |" =| 222 _2[ 20, ~0.976--
P =%l [ e =5 (Pr, C“)} {965 2(965 965)}

ZIZTXy =22 THDHITEND Xy =1.224---F72133.176--- D — O35 b5, HCl & KIZEF
LB H'E CIA A BT 2 2 L DIERDOITI NI VEF L5 EH TN E L.
X <Xy CTHDHZEBRLND, LIEN-T, BxlL Xy =3176--- =3.2

Rt Fx AVEE T X B SR T f 380~780
- 1 THERO6, R, TR F—

nm OHFPHTH Y . WEOEMUNHE, &, k.

B, ROWCERRICEL LTS, ohy — | e 0 | FRVES 6Y)
NO@IZRIET 2 E ORI A EATORD) 2 380-450 2.75-3.26
T R R B B LR LR kS | 049 250275
EEEAE LN, 53 495-570 2.175-2.50
PHEALERET A A THY , BT O > %L e

X R BT AR BT 5 e nTEg, O | 620750 1.65-1.99
RQIZ =T & 5 ICEEE A LA T n BREERENCET 4 +Ir

p B AT EAL A TEAT B, pn #24 S i LED O |

PO R VF—HENATIT, BFAWZ STV LHEE SEAECEC L S CE 2 B3

B L2 Tl HAREHS B 0 | RO H AT R FE— T 5 o 550

Bl 0 BRSNS IEA S TR | $ 6°52% 9

p FSE (KRS A S U7 EFLIRE 742 A5 D Ty ©® 1770

Z OEBKIC L 0 R IEICAR S T 5 B TR E AR S A %LE T

LT THD, EAZEAERBL TWDHA, EfEIX
BICHBELEZBETEZROH LAEBOEBENEZ L OB TX
MDD Z & ThD, FMBOBEBMDELIZL > T p BIEK
AP BHRY HINTZEFH n BB SITHEAS I
5L HIEIE, ME TR B ~E T S vz
ZENBETELEE S, ENENEASNIZE T LIE

@ LED OfiE L & 7ikhe
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FLITHER 0 TR 22 THEA T 2RI, Mo F—F v v FITHYE T 5 =1L F
—&J e LTt %,
PLEOFETHASND X512, LED O T DHOTFNAF =L, MO >TF/LF—F
¥y YT HOT, £LIRLZEY , TFLF—DORE SITRRFEO@OD F >3 >FRONEIC
2%,

Ry BEFRIRO K EMIL LED & o F#E CiifE+ 5, pn  pPRE¥RE nEFEHK

HBAWMELIDLF LIRS L, BOO LS A ShEE | © %% o 00
PO T L EAHA L. 22 LIS BHTON | 0 o (D 2.6
SNEBIATR S N TV D, = ZICkR% 50, BOD | O ©-0

RO EZBICE T L IEAREET D, 2ok, BOO X 5 7 L o BT
WA AL O IR Y 72 > TV AR Y EBHE A IEILD Z &1

Do TZTHRILTE B i%@%i‘i@ﬁﬁﬁ%ﬁ?éﬁ{x%ﬁ?@i 9 | 002
FAX—E (ZELF—FrvT) LD LEVIRLE—% 9@ S0
- ® 0 . "0
oW Th 5, —
XD (1) REEFL, HEA(m)E = RLF—E (eV) AL (ZZE)
EORERERD D, B® pnHEAHOFEM
c=vai[ms?] s
1[eV] = 1.60x10°° [J] -~ .
\ . @ P, | 650
ZRAL, LFEEL, ® 5@65669
A= hc/ (Ex1.60x107*%) [nm] % % 0,0
WO EL h=6.63x102* (Is). ¢=3.00x10° (ms™h) AT S L —
HDIRILF—ZL>TESE
A=1243.12 = 1243/ E [nm] [CBFELEANRETS
NEOLND, MEFADTZ XX —F v v 7 188eVEZRALT., H@ HiIcLrETL
1243/1.88=661.17 = 661 [nm] TEAORA

MEFAIZT =R —F v v 7S T 5 661 nm DY D % <0
T RLF—DEVIE D 12250 nm OEIFH DY, 37245 661 t@}\ - T 00 4}:@
~411 nm OFFAOLEWIR L T ¥ —zilim=x L0 (9939 e

U —TEHT S, [FREC LT B 13 875-655 nm, #f ©0 %0
B C 1% 1413-863 nm DIEEWINT 5D T, IR TIX %ﬁ%&ﬁ@
@memn@%ﬂ?#%ﬂ%fé:&ﬁf%éoﬁ%ﬁ HE Ao B
FEIZE D MBI 2 7204 ¥ 2 5 132 T EM

IZ L7,

BIEFIRD Si (U @) Mg TR BRI E TOIRIAN AR MV A FFOKR
Bt 5 b, —EHUMNEH L TW2RY, 2L, B8R TEIoR LT —F v v 7R —EE
WCRED TR LF—F v v 7LD RN RV XF—Z RO FEZRINTE RN L0, =R LF
—X ¥ v LD ENZRX AT —ZFONFEZWIN L 725GE T =%/ X —0RY ) Liafe Tk
AR LD THD, Si DSOME 212568 THLHFIFIIRC CTh D, Blam b, B3R L K

Che
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KIZTHZHNX—F v v 71X 14eV THDHN, ZDOLHETHEHNED EfRITH L% 30% Th
5o, ZOBYDETIVERST-RKBBEMIZE ) Sy 7HEESZHAE L EIN D L DT, FEx ik
MDONER > TRV —F ¥ v TORRIEBOBE2EE HHICHES L TERGREZED
=-HDTh D,
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I BRBEDOHDTEEZ TV T, WEOBMEEIZR LTI
IFEESN2NE I, BARARFEOED L O B2 58RI, K
KR DHGRNLE L o CTEE9, Mo [E#(LE] Tl
JEAHARIZI - RIS, BB EEMO AL, Kit, fEEIZo0
T TWET,

ML) L, Ak, BB I OO KR SO
HEOHNE, bz x4 &3 o33, IERETIE, ¥ vz
1F% < OBE, B EFEEFE L TV E L2, 18 LI, TFE 0
JEAMEOIRIISC, ARILEW DI R & N ETRIC SN, kT L1
LN OTEND LI E LT, I2E 2L, RFEOHEFROLFRT
BB L, BRI EMNBEEST L HEDE LT, LTFTOL Y72 0nH Y
7,

O3 ) RURk Ay OFRERCHIAR 2 ] 9 2 T ik 2 F9Ed %
Me T2 WE 2 KRG 5 5iE25ET %
MBEIMET ) @REFAROE KL S REPIEE 2 e 5
kgL BOS 2 IE$ 2 it O ECME, e 2 bigEd 5

MHEEALS: ) 50 7SOl OIS & Tl 2 DR E P FH R AL CHFZE

DO T, WIS B AN EERLESY 5O T
FT, AR OM TR 4 7R OO W TV B 72, [ L)
EWVWS T TIXED L D MR E BT ONERET HZ LN TER
WEHTT, £, D FEHACHARDETCINE TIZhWE
WEZ G ST2WEEZ S V2T TEEEM ML) &) 58 6 IR A
WORTWET, [F/27 7 /7av—) EMEINIERLZOFIZE E
h, ME#ELZ:) ICEENAEFOMERE, ZOERNHOEWVICR
STETWET, IbIL, BROELADBKENLBEE TEHIHEAT
XTONEND Z L0, NIWEIC L AIEYDOBIEE WoT-Z L L,
b5 H CREZ A2 TRERY) & TEEEY ) ITE ENDH o0
< B FET,

{57770 o HEELT ] 58 TlE, (bFOREICHRATE
e, # LWHEM, oW s EaT7—~< L L, fllx DB
AR L, MLATERVMO S Lo ICiEShTunxd, EE
FRET2IMND, Ry N T —<IZOWTEBRETE 5 A Y LEEOD
STLTEEN,

[FTEFRTFEATHRNNE | EEEDAD WL S LILER
A3, AL EM O, RISOERIBERZR ERo0 i,
HOBREE TIIMETE D LI R>TWET lEDET T T
U OREZ LIS, B8 &R, BIETTROL, I oW TFEA
TELOHLWNTL X9, BIEE >TIZ, {BFEDOWANAREIIZ
BELEL-THHLATELEEZEZTNET,
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ohkura
テキストボックス
｜
無機
化
学
｜


2015

WOXFEAGiA, LTOM (7 ~MF) IZFZ I,
1 fiR 2 - | Q87 |~ Q127 |

JFRF-RoA 2 PFEDONTHFOME R E TR T 5 & & SN ESFRRmIT, "T AT A
JA-RoA A DIREETWND L0 B ZETRITIUIR L7220, JFoA 4 v E OO LS
i3 | Q87) | Q88| [ Q89| s, HALFT FU UL (NaCl) OFEEENT, HL¥A 4>
(C) EF Y TaALFAy (Na) EEFEOCDTTNDOE [ Q87] Thd, HERT (C) Ok

ICARKETF %2 bOFFR LIS 0T (ERFFR L0513 Ch) NS, FH AFF
PRICE S RLERBTRBEL LD, Z0LE, CLEMKTS 250 ClZFEVDIF TN LD
[Q88] THh5, E7. HHMMOREHNTIE, FFMEETZMH L THA ARy 208K
DBA A2 BHRAICESI L, B S B3 A 4 BE2 BHIcH<, 20k 5 2EF
HHET L ZiEh, BRETEEMN L LIBA Ao Bofkas [Q89] &), [Q89 ] TRk =
NHOMEIX, BHETOSDEWICEH EOXF, mOWBREEMLEZTRT,

7 [Q87]~[ Q89 ic & Tid sk 5k b it M & L FOD~®D i b —H>F OO S0,
O &R  © kARG O Ris @ —EES 0 ARES © A FUiEA

FEEN TR, oA A 272 EORERCRI 23 HAINE L < 3%
FIL TS, fEdhaNORLF ORLH & fEdba ks . b auks T D
INDFRY IR UL & BAALKE - & RN, ALK F O —0 DR S
EIETFERE S, 2L O@RIIKEREMELY & D, Bz
I, SNEEIR - FIETCIER N IR T O A EEE & A,

B4 B1OHMEFFOLLRFICEHLILEE, DK
UL ET AR 0K e L TR bETREEZ, LTOoO~ B1 SADBEETF
@D H A6 — DU S,

4 ©®6 BG-8 @10 G112 ©® 14

B B1OEMETFNICEENIHT0OE, LLFOO~@®DH NG — DO X0,
D4 @6 B8 @®1O G112 ©® 14

BT SORTFEREZHANET IHTRD IV, 72720, SO EHE 0361 nm &7 5,

0.[Q92][Q93][ Q94| nm

B4 B1ORMEFNT, SBERF2ED 5 ZHORIE 2 AR5 F 2 Hi TR S0,

[Q95][ Q9] %
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ohkura
テキストボックス
1

ohkura
長方形

ohkura
テキストボックス
無機化学　１．結晶構造  （2015年出題）


—J7, BRITFE - HETERE SEMEL &£ 67 B2
RO TG 2 & D,

fih SOBEZAENEFTIHTRDZE W, 72720, Skt~
EX A 0286 nm & T 5,

1Q97]. [Q98][Q99 | gcm™ 2 SOBEF

A RIEMED AR CTHIEAVT 5 & 912°C TN I 7> & DN T~ & 2 b L, 1394°C
THMEDYTEE~EZT D, ZOXHIZ, FLTHREND TE TV ORISR 2 3
EKRIERS, XA VYEL REBIRT DT T 774 FOX D ITHEARRADB R 2 BKR O Z &%
LIRS, o ZOMEEICIEN, BT ER L BT 5,

HES CHTIEE B/ LB RFENEZLUTOO~@DH )b — 2RO &\,
O RAfrtk @ FFEE @ Btk @ Rk © ZEKk

S T a looW T, RIEMES 2 B R A B L 7= & & OBOK T ER O A ET 7 T
7L LTRBIEDR b D% U FOD~OD 17 b —@UV S,

@ @ ©)
s " ~
N N N
i RE RE
@ ® ®
® ® ®
M- M- M-
3 & 3
BE BE BE

IC K DB SRR, A AL R LR A RO IR U T & & S E A i
Wk LD ZENMON TS, Bl ZIE NaCl OBLE 1%, BB ICRT & 95 RTRTH D, HfL

N TIENa e CE 3L THBY, NalZ 6 HD Cl IV PHEN, CI'b 6 fHD Na lZH v P =
ﬂfl/\%)o
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R4 NaCl DR EE A 4 OFHEEERN D, A A2 2%
EHETHZENTE D, Na" DA T EREZEET 3 HT
RKb7pESW, 72720, CroA A2 48% 0.167 nm, NaCl D%
TEH % 0.564nm & T D,

0. [ Q102 ]| Q103 || Q104 | nm

NaCl ERIUL ClraflkA A LT 544U HEmD 9B,
HEAESAI) (CuCl) L btz w2 (CsCl) %, ZiE4 NaCl E3 NaCl QEEET. B
LR DMBMIEE LD 2 EBMON TN D, ClCl OBAL ol @3 1Nt T B,
N T Cu™lZ 4 > CIHICHLY BHFEAL, —J7, CsCl D HLAL
AN TIX CsTIE 8 fHD CHICHR W PHE R TV 5,

A F o D¥EE r AT OYREE R ET DL, MmOBEN VIR D FHITRO &
AT Z &N TE D,

.
fﬁméw%é\%4%V&@4iyw4iy¥ﬁ%§7%mé<&éo%wﬁ%\@4iyﬁ

TR L TLEWRENDPRE 2D, FIzE, BT ) oL (B3) OffiET, a4y
BBV L, 2o, A AU DB & 5 TN TORA A ATHEL T D LRET D &,

L = 0.[Q105][0Q106][Q107] (Zffizx&¥3) (1)

Thd, ZOXIBRBEBPELLTLE D L2 A U RERE L TRZEIZR DD T, EREOKE

+
r

T U U LRIOE TIL— PN EMICZOELE & 5 2 &idau,

T IBRE DL, C bRECRD TNEROAF YRR S OROREFOA

YEBT DL IEENAR LD, TOX S MEETH LMY Y LDRIOE T, BA A [
EREWNIEL, 2o, BA A B & TR TORA A NIEL TH D ERET D &,

r

pel 0./Q108][Q109]|[Q10 ]| (ZDfE%EyET2) ()

CEfcﬁéo

Ba X)), QOLABICHTUIELHEL . ZNENADET 3N TERRIV,

x: 0.]Q105 ]| Q106 | | Q107 |
y: 0.]1Q108 ]| Q109 || Q110 |
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長方形


Ea ﬁMTFU?A@(@S)@%ﬁ%fﬁﬁ&é:&ﬁ?%5§7®ﬁﬁ%%bt%®kL

T, BLEDRLDOE, UFOD~ODH s RO SV, [ Q11 |
+ +

+ +
® > x @r—>y ® < x @r—<y
R R R R

+ +

®x <<y ®y <l -<«x
R™ R™

UF U LA UBINL, HEHEHCT VA ND AT EIZRL b, EBEITH>Z LITLY
BRELE2DLDZELOTESEM (ZKEM) THD, VFU LS A EROMIEZE 41277,
IEMREEHZ T =0 R Y F 7 4 (LiCoOy) . BWMENZ 7 Z 7 74 k (C), BFELLTYF
U LR EREENAV LTV S,

FI. EMMEHIER LTH L 9, LiCoOy i, Li & CoO, BHHAIZE Z AL LIz f@ik{bai T
b5,

UF 07 LA A EMOFEERIZIL, LiCoO, NGHIRT L 5 IET 5,

LiCoO, — Lij,Co0, + xLi* + xe (7Z7Z2L0<x<I1) (3)
LiCoO, 2B L5 & it b & & HIT, [AED v Co™ 2% Co™ Ik D, Z D& & LiCoO,
Dk ek F 05 e, —h . BERHZIINQ)DW IR Z 0 | KidhkEF 2D, Z OfififEss U
F U LA F L EMOMERELILDIRKD—D> L7225,

e
e —>
— VNV
M
<—e | .

B4 YFoLLFE OB

e THRELICOWVWT, mBILOnIZH UIEIHEEZE 272 S0,

m: [ QU2 |
n [Qu3 ]
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ODSWTAMMEHZIFER LTA LY, 77774 MIERWETHY ., BN TILRFRM NI
MEAIZI DO NSTVAR, BRIEZ 7 o TAT— L AL OFETILTWA, UF I AL
VEMOFERIIL, BRI LITAEAL, UTORENEZ %,

6xC + xLi" + xe — xLiGCs O]
L7228 - TEMAERTIE,
LiCoO; + 6xC — LijaCoOs + xLiCs )

s, RONTRT L IC, KERITITEMD LiCoO, T D LiTNAWD 7T 7 7 A4 S OBRICE
B L CWR S AL, BCEERFICIT A O i S LS EMA~BE) L LiCoOx 12D, 2F V| Li'
DIEERFIZIEM & AMOM ZBE T 22T OIS E 7> TN, LIz >TeE Li A
LR KBBEITI) ZENARETHY, BWEEMEZFEI L TWD,

COBEBMNENLS DWEETEDL0EEZTAHALY, Bl - AE b2, ERRORIGOHZNE
Z5HA . LiCoO, Tl mol ® Co0, 125 LT 1 mol ® LiMFEL, /577 A Tk
mol ® C |Z%F LT 1 mol ® Li'RF1ET 5,

BR [Qu4 || QU5 | ichTITE2HEE. O~OnHEFNEN—DOT OBV XU,
D1 @2 @3 @4 ®6 ® 12

it 1.00 mol ® Li*Z 9 2% DIT B LiCoO, D'E B2 HE T 3 Hr TR E v,
lQue||[Qu7|. [Qus g

Y 1.00mol ® Li'ZWjk+ 2 DICHEER 7T 7 74 NOBEBEZHNETEIHTTROAR I,
[Qu9 |[QI120]. [Q121 ¢

B4 HREE1.00kg OEM (EfE AR IZEXONIBEBRELHRAERE VI, VF VLA
VEMOMGRARE AT INTRDR SV, 72720, 77 77 —EH % 9.65 x 10* C mol™ &
L. 1C=1As Th %,

| Q122 || Q123 | [ Q124 | Ahkg!

W, 757 74 MOBbDERME L LTy A FBPER SN TS, RERICIZY A #5
LisaSi EVHMMO Y F U LEEMER L, ROV F T LE2WHKIHTE 720, 7577
A PEHANTHRERPRE D, Lo L, TREORYE LI R LA R E Vo, Bl
FREDHERM L <. EREOTZDITITZOREOYWERLETH D,

BF ARk U CHWSEOBEGmA R Z2 A 30EF 3 Hi TRk S0,
| Q125 || Q126 | | Q127 | Ahkg!
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長方形


B
A
i
ET
A
5
e
Y
ik
513

i
%
A
At
5
Sk
EF

< <SRBI > >

Q87 ®. Q88 ®@. Q89 D

Q90 ®
Q91 M

Q92 M. Q93 @. Q94 DEIT® (52%)
Q95 @D, Q96 WET1I® (&)
Q97 M., Q98 ©@. Q99 DF=1IB® (%)

Q100 @
Q101 @
Q103 D,
Q105 @,
Q108 @,
Q111 ®
Q112 ®,
Q114 D,
Q116 @,
Q119 @D,
Q122 D,
Q125 @,

Q103 D, Q104 ® (%)
Q106 D, Q107 @ (58%)
Q109 ®, QI10® (&%)

QI3 @ (&%)

Q115®

Q117 @D, Q118 ® (5&%)
Q120®@, Q121 ® (&%)
Q123 ®., Q124 ® (&%)

Q126 ®. Q127 DET-1F® (FE%&)
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JEHIFIZAE AT 100 FXEH F 0 OFFRENED S EIEREAIL. TOEETELND
{LEYHOMHEICERET D, FTE8BRA A DO RDHEINTIX, £ 2I2E ENDETDES]
EHWRT D Z LN, ZOBKROMECHKELZHET 2 E TR TEETHD, AT, £
TR OHAIE U< B L8R iAot 2, JF010 4 2R E L
THEZXDEVIETNIEANWTEXLTAHL, ZOXH7%, —REMIZEBXS L LEbD
TN ERNWEELRICL T, EIROBEE R EOEBEN N - & 0 LHTX 5, S
BIZIZZDET AN, DNVONOHITIZH DV T LA Ly “IREMITREIND LD 72,
SE I ERBEEMEOMECHKEEEZ AT 22 00FN RN E LD L aboTIEL
AN

M7 FEAOEBEMELOA AL EZHWVIHERDIT TWDEDIEA A U iEETHh D, M—ILHET
RSN D R0 EE Ry EMENDS) OFRFRLEEZ/BERST TWDOE3E
fEEThbH, BHETZEN L LEEA A HOBAEIIERBICAGN, SRS LI,
L DBILIZ O T H L NI A N2 5, TRAFES) Tk, #a 2T 2 20K
FO—FHNbEFHNPEEGE SN, A A rhoeEA Fr LRMNTEDBICRbNS, [
EEA 1L, 4 BOKBEET (ZHO0FE 3 BT _SORTOMOBETHD, K
H— 7 “EAESIE S OORFBFR OO T, =F L (CHy) 72 EOARfafnmibkFE
IR OND, KERE LiX, EREEENSRKE IR (BEOESR) ITARE O
ODOWTKBIR T & IBFICALET DO EKIEMEE O K & 22 7 OINLE 13t & DO DOFE
HAERZIET, AZFMEEIT. FER L 245 TIHHELCEAIREED KAy FORICE & . AKidok
FAEEOBNTT, D TEDFREDS 1 & TR, AN EmNDTH D,

Cik %%X¢®H1K%?%&%%@*ﬂ@ﬁé%d&?ék\%M%M®ﬁ%#6%b

DR IR ITHEDIR AN H D Z ENbmb12A 9, PlzlE, BN+ OHHHICERT 5 &,
EOF R (fHL) IZHHFEFOREYIZIT 4 [HOFFHERFMEET 5, ZOmEICEALT S
OOHED EIZHFE U X DI 4HORTHER TN FET DT, At 128 O FTER 1 NMFAE
THZ LT b,

™~ VORI HARF 2T 2570 5 b THRICH DIFEF13 8 HOHALKE 12 A
S, EOTLIHDETFIE 2 MOBNAE FICIASND 2 EICEET D, Lo T, B
MRS E EN D JEF OB,

TH 4512 8 2 JE T D % x%+ﬁma:mﬁ%@z§&x%=8xé+6x%=4ﬂa
Th b,

BT AT, SHOBEMNET-OmZ, R F-OEBREOKE S
(JREDH) BB LTHIWE-LDOTHD, fli1TO¥R%E r
ETpl, EHEO LT 2VN2r THDH, LEB-T, HOK vz,
TR

0.361+2+2 =0.128 nm
ThD,

- 104 -


ohkura
長方形


B4 B THZL ST, B VIR T AT T2 4 BFEET S5, LEeBn->T, R
T3 58 2 22 OFIE 1L,

A sv2rf =074 (74%)

MA 2R THENEK 2R TR0 B, THRICH D 1-1E 8 O I
Sh, D (BN FOHLD) (ZHDRFIEZD 1 HOBMNEFORIEEND Z LICHEE
T5, Lo T, B FNIZEEND R T-0O80T

Eﬁn%%ﬁ%®ﬁ%%+¢bh%éﬁ%®@%k=&%ﬂxh2@

Tbh b,
BROBEREET (WA TICEENDEOEE) + (A T ORTE) 720 T,
{2x55.8+(6.02x10%)} +(0.286x1077)=7.92 gem™

fE FJEJE%Z’P%T‘%Tb\éﬁ\ i A A SO RS B 7 D BUAR[R] & [R] R A & 5,
BIZIE, KFORBRIIFAYESNL T T T 74 FRHY ., AIFEITEREZIE S 22U
{ZIK“C%Z.’vi)) ?’ﬁ%‘ IZOBRORMTHL LY HIF L L O ICEREL L CHET, Qi FAAER
JAF2& T NF DR EA BN R D TR bEERN R DR+ ORRZE T, %K
HEH 1 OKFRAORMARIZIE, BEE 2 OEKE, HEH3 O _HKENH D,

MY @ROKTFERIL. BECHELEE HEER L FES) ITX Y & T D,

fan P O REITHAMICEII L TWD R, ZOMNETEHFIEL TWLOTIERLS, £0
JEPHCIRE L T\ 5, ZORENT
BENEHT 2o T LL 2

PR3 A
HOT, WHTERD TR T ik
KEL D, LEER-T, B DHFE
@, ®, OEMENTH D, Ei}
FEER ORI Tld, B FEZD

RELET D, B2, 8B
912°C TR I A 2> & T 00N T
FigiE~ LIRS T D BRI 73
X () ITEDLLRNVET D L, ED I EE

RFIELAKROR AR TESS

e dix M 2300 D STHK
Jg ()1}

A a3~ LHINT S (HHZ I:>

NG

), Lo T, B+ E%

1% 912°C THEMN, 1394°C T3

5EEBZLNDDOT, EMIIOT
b5,

RFFLAKOEORARETES S
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1 B3XV., NaClOENKEFTIX, A A A Ao NADO ETHET A ENATE
N5, Lizino>T, Na" DA A F£80%. (0.564—0.167%2)+2=0.115nm TH 5,

o TT, T bY U LROME@) TRA A RN ET 256 OHEAKT (LK)
DOWrE Z (), Hifbt > v DO D) TIEA A [ L3 % 356 O B T O Wi &
NIRRT, (e)~(e) THRAIIMIA A % IREDHIITEA A 2RT,

(Qmowfyﬁﬁw+krﬂkﬁﬁjb\:h%%ﬁ?ék1:=0m4fbéo:hi
2

Db RRED, Fabbh T > 0414 ThBEE. ()DL 5 ITBA A LI Ao i
e
HNEA AR BTN D DT, EIILZETHD, ZDLx, —OD (&) 44Dk
FEEORE () A 4ot 6l (ke &FER) Th b,
EHIC FNKRELRDE, FNENOAL T NLE VS ODRGEDA AL LT LR
AREICR Y . BN 8 o by v ATOREED) (Wriie) & D, ZDEx, V3x2R

=2 RO L. Zha®HT L =0732 Th 5,
e

R4 ML R U ABREEICB T, L <0414 ThHombT5 L. B A LA A4
FE
BT 52 ENTERVDICEAS AV RERELTLE ) OT, ST RLEICRS, L
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MoT, L >0414 THOHVLERDH D, LN 073210 T5 L. BUEOKRE WL Y
R™ R™

+
U AEID FNEECTH D, U EOELRLD 0414< <0732 L7252 L R¥binD,
I

Y LiDIEmMALHAYT5EE, 2KE L TOEMEFHEICRDOTZDICETORZN
TN DM, LiNTEFORZITIEBEMR L nTd a0 sABILE T E %5, T7hbb,
LiCoO, 75 Li'AH TV BERHZIXE T e b RDIL, Co 2 Co'lcmfb s, &AIC 1
o LD b x BTN & T2 &, (LAEMRIKRDFEEIFMIZLi: Co: 0O=(1-x):1:2 &
5, ZDOXDIMWE TIELiLCo0;, (7272 L 0<x<1) DX IITKITRDOEIL &2 /NI THE
RIHZEnbD, 20X ICHHEAREEROMALE iz e WEERYE X, BEICITIEFIC
2\, ZOHBHTL D LissSi bRFETH 5,

IR ZNENOEMBN, LiZINET 27O MET 258 (A b)) o%x2[l 5 HET
H5, MEXH(@)L D, LiCoO; TIX CoOZxf L T—2DLi' ™A Mg, 72,
MG EY., 77774 5 (O) OBETIEL, ColZxt L T—20D LirdH A ks
no,

flt 1EMTIX, 1 mol @ LiCoO, IZxF L THR AT 1 mol @ Li'AWE « i /HETH 5,
LiCoO, DA &1 6.94 + 58.9 + 16.0 x 2=97.84 7275, 97.8 glZxF L C 1 mol ® Li* 2Nk « ik
HAfREE WD Z Lt/ b,

Y —FH, AT, 6mol D7 Z7 774 K (C) 2% LT 1mol ® Li'03WJ « it pIHET
b5, Thbb, 120x6=720g D777 74 Mk LT 1mol ® Li' 23k « fH AIEE & W
N LD,

M4 1mol ® Li'ZWs - 3%, 37205 1 mol DFETORIGIIME /2 IEAMA FHE &
X, BAEBIOBY LY., 978+72.0=1698~170g TH 5, BF lmolix., 77 77 —EK
_9.65%x10*
0% 60
T. PSR, 268Ah+0.170kg=158 Ahkg! LR BN B,

EMOITE T R VX —I%, El—ABEICECSEMNMZE (BFEH) LHGREOE TES
No, VFULA A BMOEERLEL3.8V THHDOT, BT R/LF—IL3.8VxI58A
hkg' =600 Whkg' TH %,

DL B3I SED R Z 2560, WHhIEMIRMEOFE ThH o7, Ll EBEOIEM
TIET_NTO Li 20 « I WD Z LR TE 5 TidZew, LiCo0, 75 Li 234454k
IF LipsCoOx 12725 &, IS AE Z L CHRMEICAE Y 2EESICEIL L TLES, £DD,
BEIEDLNTWDEMTITO<x <05 DHPHTHRBMELMHEV KT Z LXKV LZE LY A
I VRS TV D, Fiz, Co ITHBEN DR EMTHH-0, MmoOERE R TR CE
Bl TR a R MEE BT RVX—BE BN A 7 VLR ZBR ST D720 OME LKA
AT TV 5,

£ 965%x10*C=9.65%x10"As Ah=268AhDEXEIZHY¥TLH, Lihno
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RBF AWbEHC 7 A FE2 WAL, Tmol D7 A3 (Si) 2% LT 4.4 mol ® Li'A W%
W - TR TH B, ﬂcb%%:a.ggg D4 A FEH LT 1 mol 0 LitASWLHE - At ATAE

EWVWH T EITRD, LIED- T, 1 mol OFEF DN MERIEAMEFHEEIL, 97.8+6.39
=104.19~ 104 g TH 5,

R4 L RIEEIC PR A B4 3BT 5 L, 268Ah+0.104kg=258 Ahkg &k bh, 757
7A4 NEHRTHRAENPRE NI ERDN5,

BB EHZ O T, BIFED 7 T 7 7 A4 NEMIIHERARICTIFITZEL TR, 2l ko
RV, RICHRY B A FEMBUSMCH, I—R T ) Fa—TDFa—TN
TLiZWi « i S8 5708, KO RFEOBEMOERZ HIF L TE ORI T
Do

BBIZY F U7 LEPRIZOWNWT HitN TR <, UF U LITHIE, KEIZHEREEICHFET
LEIENDILTNDD, AFERIKORY | BIERCKUEOFEIZLY | AEICS AT ¥
NELBRIPOTZZ EMDEEEDREETHDLEVOIOMEN D T, ITHETIE, HAEEN
TNEBTF DM TOAFEEZBRMG LI ERKREREEEE o7, 5% b, VT U LAPE
BOBRKPRDHND—F, AEHIRICRY O~ 7 3207 MM X DR E V- 7= 5ER
FHEELREL > TS,
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2016

WOXLFEwFH, LLTOM (7 ~MR) IZ& 27230,
2 fiR M - | Q67 |~ Q104 |

EEFROBREICH SN T DEFEEL, HEA AR —7 (N.Bohr) OBEHIZILSUZ
ﬁ%%ﬁ%%&VLTkD TERDOBEERALFROE Y b7 8%, b T <+ 52
LRCE D, BREETRE LIEND, E%F%ﬁ@%<ML ﬁ@f% BRI, VWb

@%@Wﬁﬁ%@ L RO OITVIEIC KA, Lk Mk N LIREn 5, Ko
INATE HBEFORITRA 2 8, La%TiE 8 A, fi!ﬁﬂ@ N 7 Ti‘ﬁﬂ@f&é
BB ED LB B ASTVBDERTONETERETH S,

M7 [Q67] [ Q68 JichTixE 28iE%. U FOO~@DHMEZENZR— RO &0,
D 4 @ 8 ® 12 @ 16 ® 18 ® 24 @ 28 ® 32 © 36

—Ji. ZOXIRBEZTIEHARATEROVBEENEZ S A IND L )12 o 7kER. 20 Hdf)
BN EFNFNRHICEE L, BEFmcL s e, EFIIEFEORE D 2 HifZFEEE L T\ b
DT, ZOFEE S Z50E, BFREROREDMEICIET DEROSMTRIIND
ﬁ%%ﬁ(ﬁ—f&»)mbkﬁofméo_wﬁ%mL MABDEICE Y ELHRBIER S
Do A—EZME, ZOIRIZE > T sHE, p#uE, d#uE, fHuE-- & Xilahbd, Kilds il
BEL1O0H720, LEs#uE 1 -2& p#u =2 XEF IOz pfulE, y il s i Oz py
WUE. z SO p UE) 20D MBE sBUE oL pUE =S L dBEFD (dez_y2.
dyz. dyys dy, dpy BUE) 25705, B1, B2 EsHuEE p HUEICINA STV 5 E T OIF(EE
4#mw%ﬁ%%bt%@f%é(é@gwiﬁ%@ffﬁ4ki%%ﬁ< ZITIEEARL
TEWY), Bl ZIE peBEICIE SN2 E 1L, xRS TIFEELTWD Z Enbnd,

zZ VA z V4
y y y y
X X X X
s Px P, p.
1 sELE 2 =D2MDp B (px~ Pys Pz #38)

TiE, EBICEFPILE (F—EX0) [NEASNLIHETEZR TN 9, BriE, =R LF—
DIRNFLED B A>TV, ZONEFZERLTZHONRR 3 THhDH, Kikad o< 25 1sHIEIC 2 EH D
BB AS THRRIZ/R S T2OPFETE 2 D He THDH, Fit\ T, Likxk>< 5 2s, mﬁL DE
IZEF DB A>TV, N DA 2p HEIZ 3DOE AL, B8 1T ORI OLEIC A
FHUEIZIEHRKRTH [REITRINTZAEROME (RAEVETHEMES) BAW ﬁ@éZ@@
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ohkura
テキストボックス
無機化学　２．電子軌道  （2016年出題）


BT LA TLHZENTERY, Zxk/31) (W.E Pauli) O#thiEE V5, N TiE, 1ZU
DIZEF A= BN KO IsEEIC AV VBTN ERS 2HOE T ()] A S
NTOD Lk 2s (B A BN R D 2{HOE 1) BIESND, KT, Lk 2px
LA, 2py B, 2p, WLEICH L EOETFHBAD, ZO X212, [FALZRF—OHuENERD D
LA, ErHKEE ST D72 DICE IR CHEN TR EEDL T, 722 X< B2 HHLEICA
%, ZNE T2k (FH.Hund) OFRBEIE VS, g0, oF, wNe LTz 2N TS HIZEFA 1 ET
DAY, Wikl (E4),

BEFEE
IRILF—DET AR BEF |1s 2s 2p
H |t
He [t} | |
Li (1) |1
Be [t)| [1)
I Y
c ity M |t
N I i
oty [t [Nt f
F (M [
N Y Y T Y
K3 BFOALHEDIEE X4 BRFOEFEE

B4 %k ON) FrOBTREL, B428510 LTROEIICRT LB TE S,
EHRFT ¢ (15)%(29)%(2p)°

THEREEIC, 2Lk (7C0) FAOBBFREEZE LTV, W~z Y TUIFEA2EFE2ENEN
EzEW, B, KRBT, BB AS TWRWEAIZ0 2ET 52 &,

230 R 1 (18)%(25)7(2p)%(35)%(3p) " (3d)*(4s) (4p)*
w:[Q69] x:[Q70 ] y:[Q71] z:|Q72]

WIZ, RPN ETERSTHA T D TELLEICONTEZLTALY, A AR TE5Y;
AT, I R —DEWENBIEICE 21 Kb b, 72720, #igh (0Zn) 08k
(6Fe) 72 EDE A JHDEEA A2 TliE, 3d #LE & = RV —MIZITV 4s HLUEN B E KD
na,
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Y UFOEA A OEFRELZ TROLIICKRT EE, w2 T TRELIRFEENENE
ZIREV, B, ABTIE, BEFHAS> TORWGEEIT0 2&T5 2 &,

230 MDA 2 (18)%(25)%(2p)8(3s)2(3p)™(3d)* (4s)Y(4p)*
w: Q73| x:| Q74| y:| Q75 ], z:| Q76 |

HEER(I) A A2+ (15)%(25)%(2p)®(35)%(3p)"(3d) ™ (4s) (4p)’
w:[Q77]. y:[Q78] z:[Q79]

FROINA A2 1 (15)2(25)%(2p)8(35)%(3p) ™ (3d)*(4s)"(4p)
w:| Q80 x:|Q81L| y:|Q82] z:|Qs83|

LIAT, ®BRAFT K LT, 7UoE=TREDENFBENT HZ & T, R R4
NGO D, BEATUDBEEA A EHERT D L. ARELT 5720 TR, OB 72 E
HET HZEBMOENT VWD, Loy UiTEY 2 b FEE S 0B 2 5 Tl & O PR % j 2 123
THZENTERDoT,

Rz e OFER, RICE&ROA A4 TH ED XL 9 BRENLF 3 FEGT 202 L - T, (FEiD) 3d
WLUEDBEFEENET D ERbhoTE, T2 T, ~F 7o I a20ur M)A A
[Co(NHa)s]** (B 5) @ X 9 2 BN\ HATRIGER 2 I, A — 1 Z A OBEERITEE DWW T il i 5 B
IO WTHEY, 2RO BDE NI ONTEZTHL I,

NH; 3+

K5 AFHFoIvanNiLMNIDAFA2D () #E&ERXE (B) LIFEE

BT &AL LVOENFELTSIDLL WS TFERIEIAA V%2, UTOO~ODH N5 —
SEORE W,

OHO ®@CN (® COo @ OH™  (® NHs*

Bt 7o I RN EGATH B EA A E . BTFOD~GDH D — O S0,
O cwr @zt ® Co* @ Nt ® Cr

d WUEIZR 6 IZR T IO DY | RN Y DEEEN & 457 DAEEZ T dyy,. dy,. dy BE &
JEASD R Xy, z SRR 1A 0T T % 2 D Ddye_ye. dBER D D, $EA AL ERT D & &
B dHUEICED X S ITNAESND DL, BN TIC & - TR D | Z0SEaE-CKIBR OG0
EWELZH LTS,
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y y
X X
d,2 d,z
y z X
X Yy Z
dxy dyz de

EC,. Bk Hiz, x. y. 2 EBEEHOFAICH LR C R —DHLO dBLEZ H O H B2
BIBA A AR LT, Xy, z O JERERN IR & ERRRES T B CFEET 5 6 (o k1
A OFD XD BRENLAPRZIES EEZD, TDH L dyeye, dpBUEICINA SN TV D E
X, B A A OIILFE AR O FFEN R T DD TREEENT, ZAbo d il
EOTRNVF=NEL 8D, —Hdyy dy,s dWUEIE, FFERRKEZ < ZT D 72Oz
3 <A LZERESND,

ZO X OITRENNE RS R TR T 5L, b b ER =R LF—%H o TWHhHDD d
BUEDS, —RRICALERENTZOL, TRXAF—DRN=2L TR VF—DEN DI HT 5D

(B7), MEDOTXNLF—EEZANLTDHE, ZOOHMIEITLSO dHUAEDO =2 L¥— (B7
DER) LV 0AATFTERETHY . ZODHEITEE =R L X — L0 06AT7F T REEL 2D,

IRILF— .
IRILF—
d
A
LR R
BAEY BERXEY
L2 dyz dyy dy, dgy
7 ANEA/\EARERDO dEDSR 8 BFLIEDGZEDAYA
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ZDEIBRERNX—DHEIT K o> Tl A ODETHZT 2 ZENT RN — ORI & i &
EAL V¥ — (Crystal Field Stabilization Energy; CFSE) &5, LI TIL, ZEfkand (=x
FX—DME) FRNCIEDRF 5% & > T CFSE &7, = x/LF—D(R\ d #EIZ 3 HOE L2
A>TWBHE @C%Ei!ﬁﬁAf%é RIS, AR O~ T o 2 vz 0 MIINNA A
[Co(NHa)e]** TiE., THRAF—DIK\ d BLEDHRIZEFRSASD DT, CFSE (X Q87 |[A L7425,

LZAT, dHUEIC 4 HOBTFBA->TWEEAE, B8 DL I, FUHUEICKHICAR HRNT
WD KT %ﬂ4@k@ém2txﬁ”Tﬁﬁ%ﬂzﬁt@éﬁxt/ﬂ®2@ﬁﬁ%thé
B Ao CFSE 12 Q88 |A T, kA B LMo CFSE 12[ Q89 [A Th %, EbbnEFEE
EBMEL BFICE > TRARDZ LD ->TEY, BRI CEBA T PR DA 4
THARLHMKHIRMEEITENE 725 LTV 5,

A | 086 |~ Q89 It Tl E 28 % . L FOO~@DHh bR, £hENE 2R S, [
U PR 2 4 n IR LT h Luy,
Do ® 0.4 ® 0.6 @ 0.8 ® 1.2 ® 16 @ 18 2.4

ST, FARERER L, EBCEBA A UNEENLIERBILWIL., MoK E b o &
BE BTN D, BlZIE, FRAOLE—RLREEODOT X T L FIiE, ZRENEGERD AlOs,
B%%Nﬁm®¢:\9%@7mAUM%ﬁV%ﬁM&A@%@%E@C@&@%T@U:kﬁi

BEEAT D, ZO XD READREIZ OV THEdmG IR THRB 9.

Mm@4ﬁxf%57mAw)fiwﬁL ([ QU0 |HDETF2HT 5, BeltA > 027 &
AN CEIAL L7= 7 v AN A > Zadeblia 4> 0] Q0 D d BFIE, =R AF—0E
wﬂﬁ#%%’ﬂﬁéﬂét@ CrOe® Tl dyys dyye dpp UEICAF QL A, dyz_ye. dyeiil

i aF Q2 o E T AINAE SN D,

B | Q90 |~ Q92 [ich T E 2 Ml A2 /2 S0,

ez UL L7 /L B —0 CrO6> Tl =R F =BV dyy s dyye iy BITE B A T2 BV d o
d BUE~EBFNEE LT, 22\ FIREEZ LD (2 ﬂ%%%#ékwo)l@®AE4ﬁ/
DHAEWRINTSH X, TV EREh liZE c 358, ZORINEE 1 (RE¥y) L&ET
BEOTRVX—E L, ROKXTHEEZEST LN,

PR

= nv = )
KEGI67 & ARG, ATAEE TR 0B WERE (K 400 nm) 2> 53R O W IRE (8 700 nm)
FCOMRIENEREFGHO N2 &, WSR2 (Chafitalwvd) 23, AMOIRIZET S
nNotepLing,
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Mo e —iEi R 550nm O EWINT 570, REIZAZ D, dBLEOT RLX —YER D5y
DORESAL LTRLEYRME B ) 2. UFOO~ODHH 5RO S\, [ Q93 ]
@ 1.2x107 @ 2.4x1071° ® 3.6x101 @ 4.8x101° ® 6.0x1071°

R BLORRIIER B A 4 L) OMEIRE U TET 5, = 2T, Efm MR Ar B
L DIRGFIONRT DT MINMEEM 2T D, IR D/ST D0 LA A AT LT, X,y FEER
ECHLAEFRE ORI FAEE L TL DL AT 2 ERNTES, ZOBRA KBS R
AT 5 & FENREER TR =0 b 8 < 225 OIL LT OF M D dye_ 2 Bl & 725,
S DU BT RS 1 O, ASELAE\ RIS X s > 2 R 1D A A MR & T &1 T, 2 R
BT A< dBEO T RV F—BREELSND LELD, DL Edy,. dyy dyy BEETS
z JEREHII 2 O TV D d BUEIRARRICREIL SND L BEZ H LN TES, 20k 5 ITThid,
SEHEIIEA L T d Bl O A& EVEIICHERITE B, 2Ni & [FIFRD 4Pd JFF 0 d $15E1% 10 A
DEF TSN TVDA, A7 Py A1) TIHE dBLEIC] QUM |[HOETFE b, THALE—D
EVBLEN SIEICE T2 ANDE, BT A vy 2ot FUEC 2 MoETE2ARLR
20T, [Q95 |>0 d Bz 2 OB F R TAD Z L2/ s, UL, FmuEfrRsEko d
WE Oy R Z BB T BRI O 1T, SDICEELVERRSLE L 25,

s [ Qo4 | [ Q95 |ich Tld: 2%iEs #hEhE 27 S0,

Bl FmElUEARSEARD d i 00kl LT, @Y TRV DELTOO~@D NG
DIEN72 Z WV, 7272 LARHTd, EDO =R F—%2 R L, LD d HBEIZ DWW, £ 6 D4 FR
TEWE L TR LR — 2 ERTRLTH D,

&T, EEARIEEER CTH 5227 M (CaCuSi[ Qog |Ow) /275 (BaCuSi[ ggg |O10)
RN ¥ (BaCuSiO[Qioo |) 14, d BLEIC[ QIO MOE T A A3 HHI(1) 1 4> (oCu?) &5
AW T, WTR L FEE U CuOs 1 4 2 G r A Th D, ZIT, KbTRL
F—23E 0 d LB ICITE T2 Q102 [ A~ TV 5,

- 115 -


ohkura
長方形


R4 | Q98 |~ Q102 [lcdh T E A2 EEAE 2 72 &V,

FREMEREEE O A DENWEER L L O, NUFENVEOREITRRD, TABREE TEREK
k?éﬁﬁ%@é%@%‘*%’%iﬁciﬁf@éﬁ WIS BEEOIRK & 72 5 CuOs o A 2 Eie
HFEBL TWD, NUFHENVEOFE CuOs A A D Cu-O fEHRE R IZZEh
0.1921 nm & 0.1945nm T 5, RAVINS WA EOBBEREN] 7 <. AnE0[ 4 [< 23
T2, dpz X dyys dys dy, FLIE Hd,2_ 2$jLL’\ mFRERTS (LT ZhZad,e—dye. 273?21 s
£9) oICiE, BEOX w-u\;‘nwzuww\gzxmo ZRBHE DO & 7o T
2

BOEVIFEIZ d PuB DO EEELHUEM O = 3 L F—ZI2 L 5, —MRIZRENL\ AR &
OEAEITIX, A L&BA A EBbA 4 OFEEEHEEZ R OIZIX, K ZHflESHE LT,
K
A = F

DOERR®H D Z NI T VD, A CuOs TH A & R DOBMRITEARMIZFEREICHR Z 5,

—Ji, VT IHFEAVFRIBEER LGAEZRT, HEOBBEEIRCETHY . L bIFE
B CuOS A A v aEie, DV TAAF L Ca* LV NY T LAALAY Ba2r DA A PN
[ Q104 vy & v 5 VT D B A%, Wi 0 Cu-O f5 A IEHE R (XA TH 5,

e el 7 M9 ch T E 2R bR L OOMAREDEE LFOO~®0HHbH—o
BOE X0,

O 7:RKx A4: K& 9k @ 7:RK&x A48 9k
@ 7: K& A4: K& 9:H @ T :RE A&
® T:/hE A4: K& 9k ® T:/hE AhE R
@ T:hE A4:KRE H:H ThE A NS o

MR [QL04 ich TlxE s\ b2 b D%, UTFOO~QDHHnsH —DEUZR &,
OV @/h&

ZOX)REFEENF L THEERERHICD TR OB NRELD Z ERH D, CuObs A
F v D Cu-O FEGFRBECR MG 721 T2 < KifhIZdsiT 5 CuOs 1 A4 JE D ESZN R I
K925 Z &N, FEDLFIZ Lo THBATE S L9107, AMOH TR b NREFHOEL
. ALFOHTHAT L2 ENTE L L) IChoTe, ELEM O FOMERIT, B LVAEHE

WCHEZITHD1IH, UM OEES & Z TIER S e OHEE 72 EZB I FO 58 TOTEH &
FEEN TS
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2

< <SRBI > >

M7 Q670G. Q68

4 Q69®. Q70 D, Q711 @, Q120 (

o Q713®. Q14®. Q750. Q76 ® (
Q77®. Q718©®, Q19©® (&%)
Q80©®. Q81®, Q820., Q8310 (%&%&)

BT Q84®

B4 Q85@

7 Q86B. Q87®. Q881. Q89 ©®

EF+  Q90®3. QI13. Q92

MY Q93®

M7 Q94®., Q5@

o Q6. Q97 O. @  (IEAIF)

Y QI8@. Q99@. Q100 ®. Q101 ®, Q102D

Y Qu3®

MR Q104D

%)
g

%)

e
A
e
pam

}
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ohkura
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< <fF > >
M7

W) AR — TR, R AR OB Y BB ERET A D EE XD, ZOMEa—
AZBARREMEATND, —FH, BfmlicLd e, RFPOEFITIRFHUE (F—eX 1) & XE
b TAh 72, =X —ORWIENSG —EOHANZ LIeRN > THOTW B X5, Bl
BB nHOTEFE K% n=1). L#En=2). M ®n=3), Ni&kn=4). ...). (n=-1)HD 5L
B4 SHUE (=0), pBLE (=1), dBLE (=2). f8LE (=3)). 02°5 £l £TO Q2H1) fHD m
TEIWRETE SHE (1=0) 23 1E, p, py, p-HUE (m=-1,0,1) 23 38, d#LE (m=-2,-1,0,
1,2) 35, f8LE (m=-3,-2,-1,0,1,2,3) 23 7{H) mH7esd, 7ok, KD Is#liE & Lk 2s
WEIL, AMEZ 2R CERIRTEAY, 2s $JLJE0)jiZ>>4: ERKREV, NTUOHMAIC LD E, —

HOEICIZ A BTN R S (+ o —) 2MEDOEFFECNERETHD, ZDOXKHITLT, =

= n DFE TIT K 2n2ﬂﬁliT@ EFHINEAREL 12D, LIz » T, WA FRER BT
X,

M 7% TlE 2x32 =18 fl | N % Tl 2x42 =32 {#
Thb,

Fl:ﬁ’r l'b

HPER OB TR EIL. TR F—DEWELED DIEIC N T U OPHhAE 7 > s OBANZHE -
T, RFESOROE TN (FHOEICHEK2MH) SO O RICR D, BA A OEEIZE, F
MRF DT RN —DEWHLEN BIEICE R KON T-E FiLELY & 5, 7272 L., 3dHE & 4s il
BEOTFF—LEL, FEBBERFE T CIEET 4 HLEIC 2HOE LAY, 3dHLEDOE TN
EIZH 7z S Tn<, L7eRn-> T, JJRFEF 27 Oa L NEFOBEFALEIT

(1)(2s)%(2p)*(3s)*(3p)°(3d) (45)*(4p)’

INML TR X—DEW 4s BIE & 3d HLuEHE 3EOEBEB AR EUX L vnn, a0k
(M)A 7> O T-Fic &%
(1s)2(2s)2(2p)6(3s)2(3p)6(3d)6(4s)"(4p)”

[FRRICJR %5 30 O BENFE T OFEFECE X, (15)2(28)2(2p)°(3s)2(3p)°(3d) (4s)’(4p)’ . ZHd b
KT —DE\N 4s BUEN D 2 HDOE T2 HY firb FEWV G, #HE () A A4 > OE Al X
(1s)*(28)%(2p)*(3s)*(3p)*(3d)"*(4s)"(4p)’
ZoE X, 3dHUEIZFRE o TN D,

DICRARIZIR -5 26 DEKIF 1O FEUE X, (15)2(28)2(2p)°(3s)*(3p)*(3d)*(4s)’(4p)’ . Z AL
HIT RN —DEN A4S BED 2, WIS RAF—DEW 3d a2 1#, 33 HoE T2
D BT IV, Lo T, 8(I)A 4 > O FRlE I

(1)(28)%(2p)*(3s)*(3p)*(3d)*(4s)"(4p)’

T

GER) ©ROBA A, kWA Ay, To'=T, KR EDOIE SF RN FDELT D
LT, X FE e /f7f/75’?%%ﬂ5 FHEHAHBE X E2MEGETE AR FEXRTE Z)/f)%%
Fr OMICENFE G DR S D, BT LHRBRA A TR THEMFIZR VG 2 &, 851
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ATERBPVETRLS TEW (T RbBEEA A NTHICA TR T2 TER SN DR Tidewn)
ZLICER, LR T, ERAB R ERZ/WT =T LA 42 NHe 2R & LT
SIPDLLRN, BB, TYE=ULAMAVAHIE, 7 UF=7 NH; OIEEE XD KFEA A
Y HOUAHE G SN IC VB SN TWD L AT 2L b TE D,

A

LB TND L D12, [Zn(NHz)a?" 13575 %@#4ﬁ/1&50_ni T CTICETERE
BRI ZIn* 2 EDO X ICdEFE I0HEETHOHE. HOAIWITdEF R 2WEEA 4%
EToPEA A DA, BT D d-d BN Z %&wtwfﬁé

MAh

fEm R CIE, FEIAE TR A LG Tx 5 (ABMEERISND) BN 723, NEUAL/\ R
RISER OB A x, y. z FVEEERN TR0 DD % | FFENRIE CTREELIND, 2D L X,
FLEBA A OISO dPUED 5 BEIG IO 2 dya_ye. dBUEIE, £ DIFAZ A2
Ay dyye dpy BUED KV RPICREZELS I, = RLF— %A@# WRHENEL D EEZD,

HHEA A0 dBUERS 2RI RLZEL STtk BB ORI 725885105 U Cikinss
PRI DRV F—DEL (HHOD d HUEDFEE TR L F—) [FIREBIRIZND Z &0,
ZNENDELPLDFHREFNF—DRESZROOND, ZOELPLRD Ldye e, deHil
BIXa AT ARLETHY | dyy dyy dpy BUBIZDATETZETHD LT DH &

2xalA -3xbA =0
atb=1
" a=0.6, b=04,
DL,
CFSE = ZEENHAHEZRLF —XE L — FALEMINDIPUET R LX—XE
= 04Ax (dyy. dyys d UEDOEFE) — 0.6Ax (dez_y2. dHLEDE 0
TRDODHND LT D, CFSEDRREREEER (HDHWEIREL 0D L5 ekl IILETH D,

L7232 T, dyys dype dgy BUEICE 723 3HOEAIL, CFSE=04A%3 = 120 L/ed, &
72y dyys dyg. dyy WUEIZET 6 18D [Co(NH3)e]* DI5E 1L, CFSE=04A%6 = 24A L7025,

L AT, BEDAMEND THEOGEITEFREN 8D TRYY, dy. dy,. dg, BUEICET 3
FEIZOSNWTAEE OB T2 ANDEE, ABKEWVWEE, (BEFBKELEI D) ZRLF—DIK
WHLED —DIZEfxtE L TAND HN, TRXAF—OEWHLEIZCE 2 ANLD LD L FER L

Do TNEJRAL AL NS, AN SNEE | TRV F—DEWETEIZE & A D 5,
TRAF—DEVHEDO—DIZE X E LTAND LY AR LD, TEFEAE AL LU,
RXFEFNLVVETBLE & D,

UEXY, EF4lEOENENDOEED CFSEIX, UTD X 12425,

BAE L CFSE=0.4A%x3-0.6A%x1=0.6A
A CFSE=04Ax4—0.6Ax0=1.6A

AR T TRl i A B TIRBUAL T & PL @R A A & OFICIIFER A B2 238 <

ZLEEZTVD “ﬂ)-“ﬁ®ﬂbﬁu%ikh%ﬂbijﬁ%%%rﬁ Bl N 3% b= S vl
P, EEIZITERAF C TS dBUEDSRO Lo 23587 55613 (R BND (Bl 555

EFRINEE DB 5 2, TS T B T2 72 55 m@xﬁﬁ'ﬁ%ﬂﬁﬁﬁf%iﬁb\o ZhuE, EBEO
B TR OBENEH 12 LT h, BT & SR A 4 ORI A ERTEET 5706 T
w (KR [1] 228) . 2had FREOBEEICE SV TEE L b O0REY T4 Th 5.,
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HES

JR-F0r 24 D7 v AR OFEFEUEIL, NEFE D O (1)2(25)2(2p)°(3s)*(3p)°(3d)*(4s)*(4p)° Tl 72
< T, (1s)2(2s)2(2p)6(3s)2(3p)6(3d)5(4s)1(4p)° o ZAUXPHET T SNELE (T2b5 (3d)°)
DFHIEETHHT-DIHINN R EFEES LD L S, FERLETHDL, ZOZRLXF—0
BEW4sELEN S 1H A, RICZFRALX—D@E W 3dEENS 2 HOEF2HY EHZ LV, LR
ST, ZurA(I)A A OEFEEX

(15)*(25)*(2p)°(3s)*(3p)°(3d)°(4s) (4p)’

ARENNE RS T, =L F— DR dyy dyyn dgy BUEIC 3 OB F2IAD | =5 F—
DiEVdye_y2. dyz BUEICITE DN (0H),

oL
E = % DBIEN D PR D550 nm I

(6.626 x 103 J$)(2.998 x 103 ms 1) /550 x 10" m=3.6 x 10719J
DEZFNVF—|HHYUT 5, 2014 FEDF 777 —IREJETHLHE I N L 212, R s
i, TRO XS 2BMRICH 5

WO o om @ ®EF \' ‘
I e '
#E{ 400 450 500 550 600 650 700 75 800 nm

(72) AL DR & RIDED A OB
ChH) BB, BROPCHANIALE T 2 ZEaRBAEVIZHEDOBRICH 5

4. 3
R 46 D/NT V0 LFAOE R E X

(1s)(2s)*(2p)°(3s)*(3p)*(3d)"(4s)*(4p)*(4d)"”

INPHZRAF =DV AdBLED S 2 A ErUX IV, LeRnoT, NIV TAN)A A
v DOEFBEIL

(1sY(2s7(2p)°Bsy’Bp) B (4sy’(4p)°(4d)" 4, ) e .

=i
D= 7 (), 287 27 A(T), A4, N 4,
LSS el AT R ST A T ~—
DERBA AL LTHONTWD, Bl A > T e T T
HID Y 2T 5 F L [PICLH(NHs )] (2% &1d, EH W dy
ORI FICT =T R LWt A 4R ) X
TRHLRMEERDZ L) REBRFLHTH D, L, |l Lo |t o
TR R DR TS5 20 AR P s it
RGO 2 il BRI T (HRO X) 2EE x

X)
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FTTWKELTERDZENTED, ToE. z8iMEZE L HIZM< HEDOD,HESCR O NG 2
7z < 2 Ddy,. dy, PUEOFFEXFENTIO b, PUBET X —RNLEENShD LI
DRI D, ETUTEY (ZELREFVELIRIEND LT D), dEFIEX8MARDT, x, yiill k-
Z <D TR F—=NREENMEN Ddye_ 2 WUELS D 4 DD dHUE (dyy s dyy. dgys d2B1E)
WZIZ 4HDOEFANAND Z LD (BZEITHR J. Chem. Educ. 2016, 93, 118 %),

BOBMPADT-DIZ, Z 2 TRENNEAERIEHAICE L T, dd@EBT R L¥— (ADKEX) &
FERBOMSIZOVWTHA L TR (L 220 T, @A CITmE B4 5 ME T e
W), FERR S ROFEMNG | B GERAE XD 12X D dEE~O I & 2L S D RIS
LoT, ddBB X LX— (FERMICBICRZ D) BT D, TOERE LT, ()%
ORI X AR50 S, (2) A UENL F CHENRE A ORI, 3) 2 LT (Tt s
TWAFEETH L) FROBNAEIE CTHJEFHOEL DR E Z D% TR 2 &2k D,

FREEEZRT, BFREINEOZR (A EFEE) AEMNmAER Rz VWD & O xFF)
[TiIH(HQO)ﬁ]%@%/ﬁ\%%%—éo I*/l/ﬂ?‘*‘ﬁ/‘ﬂlﬂi&b\ tog @LJE (dxy\ dyZ\ dzxiﬂ‘jﬁ) CE%I’\ Cg @L]E
(dyz_y2. d280E) 1%, ADKE S TREGDHL TN D, A=hvE W EE =N (WIZT T
EH) DTZFNX—DHEWINT D &, o BN D e, WEIZE T ST d-d BENEB Z 5,
DFE D (he) ()’ = ()(ep)' £72 V0, dEAEEDNEOWINFTR TEILT 5,

T, R aRHORE S (A) X, FUERA AT, B FOfEICL > THRZRLEL
TW5, Bl Z1E [Ni(H0)6)* £V b [Ni(en)s]* DI 5 N@iik FHEE) oFE2WRINT 5, ik
SHN-FIHE AT MLVORIIB K RO 7 N CHERIND, DV KEMTFLZY =T L
T I VENLF (en) DIEH D, FEMGAHSEDLEIINBKRENT LI D,

dHLEDOD T RN X —IZHHADB 5 RE SDOIEICRMFE2E~T-H D%, 456bERS
(spectrochemical series) &V KERCRZFORE HFERRSAMEE L7c, R, EALOBNIFTH
D1 E, T80 BN 8542 5< 5 L £KBT 5, EOBNLFIZZEO niuEZ b B, B35 (6
) DELANRKEL, FERE L TERA LV HOEEZIED LT WE W AR S 5,

CO=CN >CH; >NO; >NH,0H>en>NH;= £ U ¥ o >CH;CN>NCS >H >H,0>0NO =
0S0:>=0H =CO0O3;>=RCO; >F >NO; >ClI->SCN->S>>Br > (KFIIENLR T2 %)

f5

REC R 2T & BRI, BEFOEEE L TH A DN T & 7=, Sk & & o R B
=7 b E}%E (CaCuSi4Om) LN 3/%5 (BaCuSi4010) LN Vﬁ—gf? (BaCuSi205) @?fjﬁi@ fﬁ@?}%@éb Vi
E524 7% (BB J. Chem. Educ. 2016, 93, 111) ,

Ca2t, Cu*, Si*', O* 3L, BWLHIVEHIREDOA 4 OIF= T MEENVE (%R
B Pd/nce) TIE, 10ME, ~% (ZERIRE P4i/acd) TIiX 10 &L 725,

2+2+4xn-4x10=0..n=4
24+2+4%x2-4xn=0."n=6
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Egyptian blue (CaCuSisO10) Han blue (BaCuSi401¢) Han purple (BaCuSi2Og)

JRF3E 5 29 OHEFOEFEEIL, NEFHD O

(15)%(25)%(2p)®(35)%(3p)°(3d) (45)2(4p)°
“G&if£<f\ 4_ dx2y2

(15)%(25)*(2p)°(3s)*(3p)*(3d)""(4s)  (4p)’
&ﬁéo:ﬂi Bl Sn-guE (o £ 0 Bd)Y) NEICLETH DT

L BISMRETREL L DL SN, BERLETHD, ZhhbT %%— d,

;wv# DEV s HLEN D 1%, RICE=R LT —DE0 3d BB d
L EOETF 2D EAuZ L, |t Y
L7=M - T, () A A OFEFEE T

(15)%(23)%(2p)®(3s)*(3p)(3d)’ (4s)”(4p)”o dd
S PO BN RISE AR OB T3 0 2T AR DO X 9 I12E 25 &, dye BuE D y Iy ye e
ERLIZ DD O B b TR F—PNRREL SN Ddy2 2 BUEICITE
T 1EA S,

%

[ CEALF T HRAAEE DR S RO ERNLFH RN —ANNS < 2D, ZHUTRAL
T A HEEEAN RV EHENFENTI R D T2 dHUE = XNV =P AL ER SN DS <8 D
b L EMRICITRA SN D, EENICIEE X ERAREAIEREO 5 RICERIIET 5 L ST
Do ADPNELptUT, d-dEB TN SN D D= — (REFUCHS]) /&< d G
JET DR RITRLS2D),

R
54RO Ca?t (99 pm) LV B, 5 6 JEWMID Ba?t (135 pm) DA AL FERITRE D,

TUT NFEANCHICEEND FHEA CuOf A A2 D Cu-O FEGHHE R 1XZ N4 0.1928 nm,
0.1921nm TH YD | N F ENVED LD R ZEIT R, AIOEWETT 5121, Pl
& D CuOf A A D Cu-OFEAHEER 7200 TIEHoTIERY, Z0OXH2, VT RFENY
HOEFNGEND D 5 23, [6 CENLE T O UENLR CuO8 A A A TH Y | Cu-O fEE I
BEIZ KZER WIS 720 T, o ER & L CEBOBELOMREE 25, IR )5 P
BOAL B OB 735 0 2% HEW T~ D BRI, z FEAR S5 [0 OB 12 S TS feo7e & LT, Lz
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BoT, x, y L EDO X SITENLFIC LD EROFHENZELZ T 2VKREBIZHL, Ll Zh
FTEXTELLL DI, %E@ixwﬁw— (dyz = dye_ye DEBT LT —) 13, AEMD 2 E
FRH T 22 BTSN T 572 61, EHERMES L TR THRIEIZLY Tﬁﬁﬂ:éﬂéjﬂﬁ
T, BMOKFEOMBEOCEEZZT I LA SN D, 20X 91T, FEmAEESI S
D, BEBTRLX -2 MR CELE0IThD e, Hb nm%ézmﬂ\tﬁ Jiﬁéuﬁ@iﬂé
MR TE D LIk o7,

flidm ROl SEEMEANL CuOss A A D z JEEEG G N IEAL 12372 < BTV b, LTedio
T, dypz BUEO =RV FX— IS 2N LI E#EOREEZ T2\, UL, CuOfs A 4 DEY %
B0 HTe 7 A Bt pa A j‘/f LTS AEAET D CuOS A F o DI &0 < DIk A 4 &
DIFBEC X DE DR H D, ZO LD T OAEMOBGZIZE > TH, dye BUEO =RV —|L,
FEAITR VWS EINC B L Z T 5720, GHHOBENNLELND Z LA, BT O TH S )M
otz BB, MEILLDE, VT FETD Ay — dyz_ye, (AILTZHAF—OWE) dgye dy,
—dy2_y2, dpz = dpe_ye OB RLF—TLTNLH 158, 2.00, 2.30eV (1 eV=1.602 X107 1J)

x2-y?
THh., /\/El%zf‘@dxy —dyz_y2. dy,dyy > dyzyz, dz > dyzy2 DEB XNV X—IXENEN
1.60, 1.96, 2.33eV LHIE ST, 723, CaCuOx Il 45 FilH CuOs A A > D Cu-O FEA R
HERIZ0.1929nm TH Y . dxy — dx2_y2\ dyz\ d,, — dxz_yz\ d,2— dxz_yz DB T RILF—L%*

NI 1.64, 195, 2.65eV TH D,
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2013

3 KOHEEFH, UTFOR (7 -t (81 s0,
frestil [ Q29 |- @36 |

[A]

U3 Q29 JEHI, H[ Q30 [EDEE T, RARCIZY VEIEOK TEMNT S, Z0 U Uk
IFRDEHICLTHEDY o~ B END, £ 1500°0C DIFOF T, U BT AT —
it & DI RT OIS LT, HY Y OKENRAEL 5,

a Ca3(PO4)2 + HCO — c¢cCaO + d CO, + e Py (1)

Z O Y ARRUITHEEE TRKZRE 1T b CiRil (R 44°C) L, iRKEZ RS T2 iTE Y v 7
~EMND, ZOTRERAFEZOBEBR AN T —ELELTHOT, LASLIT—m v/l
BANEERECTEEHL 5,

B ORFRO—DIRY v B 5, B BN TR P TRENS[ QIS5 BT ThHDIC
LT, RY VFEEE S HEEHOOE ST, ~ vy FOHOIMUICEA SN TN D,

UL DKRFME LTHRAT 4 PHy DFAET Do a R AT 4 F, U v L RIBEDEIZDKFE{E
WTHLT =T LEP L FEEEZET DN, TUE=TOENKRAT 4 LD PR K
TV Y WEIIEZRHS>TWS, RAT 4V ET =T LiES T, BENRARIIZIEE
WS, KB F A GHROERRE CEB LIZARA R 7 0 VI, 8B-REMGZ b OSEEE
OHHBHENL - & L TEHEETH D,

Ui & LTk bEEREEMIE. o HEEIMUY POy TH D, FEEIMY 2T F
SERHEDRH LD, BOKPTRKEFTFITIESED L, U Ul HiPO, &7 5, U ORISR
RO LY T, 3MlOAFVEELE LTIEEHL,

O
I

R—
HO//\ OH
OH
B1 U UBOBER

7 [Q29] [Q30 ichTidx a%iliz. UTFOO~ODHhnbZEh— RO &0,
®1 @2 ©®3 @4 G4 G115 Dl6 @17

4 I EE R OREE AL, EFRISKE TR ST, VoDffle 21 &35 &
. HUOBIEI N T LOFRE c BLO, ZLIRFEORIE d ZRE LRIV, 2B, RN
MDA, eI RHL00BDOEIITT—F LRIV,

c:1Q31][Q32] 4:/Q33|[Q34]

By [Q35 ich TRELHKE, UTOO~ODHF A5 — RO S,
O EH @ =9y @ FENEE @ EAGEER 6 SHK
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ohkura
テキストボックス
無機化学　３．リンの化学  （2013年出題）


BT THHall o> T, 7VE=T ERRAT7 4 VOWEEZHE LIZUTOXEO-OD S 5,
ELWSDE—DRORE W,

O EHIEZATWROS - TH D,

@ RAT 4 DIEINT =T LV EINE,

@ FRAT 4 DIFINT U E=T L0 AKITETLT U,

@ KBRETHRD L, RAT 4 v DIEINT =T X0 HIEMEN TRV,

® EHWRETIE, mRA T 4 VOBEIT VE=TOBLE 25 TH 5,

111y

A THE b ICH>W T, +BEUY AN HDWTIHRRIZU TFOXLEO—BGD 9 5,
D% —DBOIRE,

O VO bEII+S5 Th D,

@ FRWBKIERZ Y | #HlE LTHWLND,

@ T AT IAEROBEOfE L LT, RO 1D Il d,

@ =P {bhiis & A CHAMERIEDIC I N D,

® BHEOEERET, EROMM LD BELEE,

HoTWA L

Bih BN ST OBERFOSH, —P—0—P—fAICEb->TWDH DDA
TEZRE W,
Q38

[B]
VUBREMET 5 & TS L. MERIZ DREEENIC H BLBRIR VAR Y U VR & FRIEN D
ILEMRER BN D, tkzi U R 2 DA ftm)/&mmmﬂémﬁé

HO
OH HO OH
X2 U>M(5>a5nu>@<ﬁ>@ﬁﬁ
TOLER2ITFTLERD LBY | ToDNF RO DORERR A 3 ﬁ#éio_%Aﬁé

MHEIXEDICEL DOV VB FOMTRIAZZELHY, 20X RAEFRMIIMHEE Y Vi L KX
b,

ULEE3 b bfa ) VERIE =Y U E KT, £0F h U w7 A NasP;Oo 1%, VU VR
—I/KFET MU T A NayHPOy & U Uit —/KFET b U w7 A NaH,PO, D 2 0 1 {REME IS HZ & T
Bohsd,

Flo. VB FR—DODREVRTHEIIMET 22 bdHY, 20X bEWE A S
Vol v, B3I, TNoofEXTHD, BB @IV VB3 RN BREFEK LIy 7 v —
=V U, )XY A TR EKR L7 e U VIR ThDH, Flo, vru—NY g
IZiE, ()D& Dz, MIHIZY U ORE & RO BMER L FIET D,
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0 0
0

Noo L N oo P2
/P P\ HO/ \OH /p e /p\
o7l [Pon T o HOT | o7 oH

Sp HO\\P OH O 0 O

~
& “oH 0o \\ 7 on
(a) (b) (c)

3 AR UEDEE

¥ Vs, BEO 6 F2Ma LTER L, SIRMELZ b OMia U BRI rRE 72 1%
ERMIROE 2 ZNENVEHTEA RSV, T L REEKIIXR LN D L35,

VUBES AT [ Q39] VU rEE6 T [ Q40 |

MY VrmEs . BEO6mF»fia LTEKRLEZ, —DOBRMIEL b OA X Y URRIZAEE
IRRERMER DR 2 Z N TN TEZ RSV, T2 LN REMERIZXR L Z2nb D L35,

UUES T [ QaL]. VLB 64T [ Q42 ]

= U DT b Y U A NasP3Oyo X2 > THEAIBIAIE L THW STV,

HARDFNZ AL TWDKIZ, DT DAV T DA TR TR T LA T ZE I, THOK
EXiEND, TS DA A ATBEAIR OREA A MR TR & AT DO T, K EZD
FEWRAIE BT DHE, ALHIZL LK D, ZDID, NV TEA TRV T AT AL
VERETAMLERNHY, Ik THik) Lo, SV CBOF MY T AEERIIKITMA S &
SV VRO~ TR ARV BN L, HEAEORE S L CRES D,

HIED BAOKEEER EETIE, WYk T 285500 >0 EREIE, 16 mg L' (kT
DY VRFREBEZEBEICHAE LI LD) Thd, —FIOWECTHEHTLIKEISL ET5HL, KE
GBI IEDED D FIRET=Y VEEOT b U U LM NasP30yg IS H 72 & &, TOEEIT
[Q43].[Q44] g L5,

Z T, BRI AREOK (REEH LS T AE T S0mg L AL TV D) B ST, AT Ak
B DB REAEZTHLEY, ZOHKISLIZ, | Q43| .| Q44 | g D=V VDT b U 7 MHE & VAR
EHLEX AERTHEY VO T MO OB I Q45 ] . [ Q46 | g TH B 1-7F L
WEBE RS ISERITHETT 5 b D & T 5,

R4 [Q43 |~ Q46 [ic b Tk E A RFEE X RSN,
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[C]

BT, AMERFIHT 2V v ofbEaaE R ChH LY, EMEEOE o x VX —JHE LTiED
NHDITHETHH, B, BWe L TERLERKMMAE 7V a—2 (7 RokE) 1251
THIRWNIZER D IAALTED S, FERTEL =X VX —2FHL T\ 5,

C¢H12,06 + 60, — 6CO, + 6H,0 2)

Z DI £ HRENL 2870 kI mol ' T B2, AWML, Z OB X —FEEE 5 O TIEAR
KL WoaltATT 7=V (ATP; B4) IZEBLTHORALTWS, 77 /v =0
iz (ATP) 1%, EMHPITAHET DRV X — AT E ThH D, ATP X, 77/ vV V (ADP)
EVVBBEATHZETEL S,

ADP + H;PO, = ATP + H,0 3)

ZORISIEAIHHITH Y | AERNO =R LF—DIREICHD THETH D, ADP 225 ATP 54
AL S5 BRI 31 kI mol ' WA TEH 5738, (KN TO V3 — X032 DAL A WIEEe ) IC A &
OB AET HBULY . ZORISHEITT D, ZVva—A 1 o FPMENTREET 2 &, 384>
O ATP 25 ADP 262K biIvd Z &> T o,

EENOBFMICIBNTER AN —F2 ML TORICHEZ D & X, BEO@EITLY ATP
WK fFEAEZ T T VBERE L, ZO&ERETIHRAZFHT LI bIFTHD, 207k
O, ATP [ZAEKO= L X —@E L LiTNn 5,

H,N

NfN

1 op. Ly
O

HO—P—0—RP—0—p—0
OH OH  OH

OH OH
K4 ATP Q&

Bla 7 a—20BREEEADM %)Y ATP DA RRIZHEDILD Z L1720, B TEZ I,

[Q47][ Q48] %

MY LUTFTOX ) RREZIEIC, JUSGIIONTE X THAL I,

R E L. — B/ o — R T 1350 g DR BT %,

- AR MR T DR O 2RI, 25L TH D,

- KK O ATP #1351 8.0X 10 mol L IZfR7= TV 5,

IO L x, IEND ATP JRE %2 I —EIZHROTDIT, 141 ATP X, ¥ L C— B2 faf[E]
DONKIREE FHERERD KL TND I EIZRDINEZIREN, 2R L, ERLEZ7 Vv a—A%
B CROLEIETT XTATP ARLDT-DOITHE SN D LIRE L, Z v a—ALSNOREFITD
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WTIEEE LRV D ET 5,

(a9 [Q50]x1095 |

ARHCART 2 BT DOEFEDERITIIRBEIN T T L THDLZENEZVN, & FOE
%wit%m#/7ﬂ&4%cMHmﬁH%£& YL LTW5, Zhix., & hoEetlEn, U
DEFEE L L TOHRFBHSTWDTEDTh D, —FH., KPICERT 28MI%. U o EOHEEY
ZAKFNOE AL Z LN TE D,

EREX T RY A MIBIZIEN =D, FlZ0E o ik, HEE (2 2—% AH) BSHT LB
CH;CH(OH)COOH {Z &V, %L CLE S OBIK (TZohvN)), sOFAKL (72T DRk
CEVEOERNPEFMEEINDZ L) DRI, 7vRBMEETDIE, 7t ua T "4 A
N Cas(PO4)sF WAEMT D, 7A a7 & A MIBEIZHT DEIRENMRN D, HE 7 vFE =2
TAUTTHI LK REIZRVIC LK 2D, INA R T RE A O E#EEEZR S ITRT,
TR T NS A hORERIEEIL, Ca¥, PO, F EARERER L LTRY . HAK I TAH
KTH D, AT NHERDERIZ L DOE 2 0.943 nm THA N 120002 TH Y | FATRHIKD
B 3L 0.688nm Th D, E7o clilil afil, bR TAEIINTNDE 90°Th 5,

Caz* /PO43'
(a)
Jf

[ S >

M5 0407184 FOfERBIE. @EMEF. OEMEFEcEHARNI R

0.688 nm

Y T c 0BG Z2 R LT OLFEROSUTE Y 7265502 AdL, (b RGR A SERk S 720,
KO e 1 ETHLE, O RuafFv 72374 hORE a B IO, HLBROKRE b ZIE
L7223,

a Cas(PO;:0H + b CH;CH(OH)COOH — ¢ CaHPO, + d Ca(CH;CH(OH)COO), + e H,0

b:| Q53 |

IR HAKFHICIZ 7 A T2 4 RN &N TS, B TE xS0, [Q54]

flt 74473714 FOBEZRDRIV,
|Q55].1 Q56| gem™
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M7 Q29 ®. Q30 ®

B4 Q31 ©. Q32 ®. Q33 . Q34 ©

B Q35 ®

T Q36 @

A Q37 @

A Q38 ®

¥+ Q39 @. Q40 @

MY Q41 @, Q42 ©

Bl Q43 ©. Q44 ©. Q45 ®. Q46

Bla Q47 @, Q48 @

BiH Q49 M. Q50 @, Q51 ®

By Q52 D, Q53 @

X Q54 @

i€ Q55 ®. Q56 @
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< <R > >
[A]

v57 77 o TEET) 28X, BREE A LIeEMOERETEH. b LIE, Dk

IZEH LT, 20EmOMWE 2R ER T 2@ & HEERITZIE b5, 4FEIE
U v a7 —~<IC, [AICTIEEED TENGRH, BE ) Vi, BITIEHEY S TRMNT S Z
EDRNY VBOMEA . [CITIEAEMmE Y VgL, A b—U —MEFF o HBEZ LT T,

MEOMEFICAD AN, EOFRESCRETLT LI RRINAZWEIEE 2 [V )
DHEEHZOWTORELZERL T 2 izl L H, [LFERICBWT, WEO [FHAE] 20
WEMEET D LIXBHOEIZ L SN, VORI OWTIL, N T 7 OSETETH
DEROH. 77~ (H. Brand) 23 1669 FEIZHA L& T 500, BBLLWMEO—HT 5L 2
AThbD, 77 hOBEOFEMIL, 2 BREBICSNTHTZOTHLNTIHRW, MbhT
WAHIRD TiX, LT X7t DiE& 5,

Thbb, RELUEOEWTEBISE, RICENZBEIE, Uy 7 Z2RITR D E CRMET
Do TNEEFE, BIRTEHAL, SHIKEMLTWEELNS, E0I D THDH, HRAITR
A L7=01E, EWHSIESN., D6 L ORI B EFRRRENH D & EZ BN TV
5TdH %, 1000L DRNE, 60g DY LFbNho7zd, TODICITEROH, EHAT
REWESEDL LWV o GREZE ST b2n, 20Xz E L TETT 7 M
BJFEOELELTWEDIE, BENRIZEDEZ L b FE XD BEDA)] Tholc, bHAAREIITI
EPFONLRTHRL REUNDMY TR o0z, LnL, 2OV v 7 ZROWEIX, B
ARV & ZAE ZoTlcd, FU T YEET D) 2T S [V ) L Iz,
2012 FFIZ AR T H Huk S % E O BBC O B3 2 £ 5 2 % T & 727> (History of Science)
WE ] EWVWOFMICEBITD, v RURFEOT Y RLT 7L LD HHERIIEETH D,
RinBBAY 2GR L, AET 7 AT TRET DX, Shrbyatr7 - IA4 - 47 - &
—E—0FELL BEOAZRDOTY U E2FE LTSI & WHREE B D HWRN 5,
Fex T NZOWEREDE L OBRAZBL T, TOREILHREHB L TIND, MilEO R
Mo LED XS RFEWHB LT RV, (b7 7 7 ) ZBE L, ALFO R 58
IRBRMRETST Tl BED DILFE o TUE LW, DBRIILL FIOR T XA EZ DR & L
T, #HEOWFIZIKNTIT > TUZ LY,

U U DRBEFIZONWTOEELRE LT, ~A 7L =XV — Var -V FE AFHE
ROBFFIIESRZ E B2 TEN] CGOERE, 20119F) | va—27 X/ VAZ—F KIEEH
BEaR [oFEs A0SR 1] (BIAEE. 1988 4F) 325, HEMER ETHATHATIZLY,

7 JR%& 536 FHFE CTOEMEERINILEL TRBX2 0,

A4 U DBAERTOONILLTO LB TH D,
2 Cay(POy); + 10CO — 6CaO + 10CO, + P, (1)
CaO 1% Si0, Lt &8, A7 7 L LTHBIND,
CaO + Si0, — CaSiO;
AT TDRNTEH, MK L > TRETIHIRAT V7OBEIIERKTH S, BARENZITTH, 4000
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T b S ESDOREERT IRREL TN D, AT ZIFERREEYE L THRbA TR, LHEM
WinSTe, TOTD, AL RO, HEOHEM 2 SITEH S5,

™ #HU ATIENEENOSGFTH D, ZHUTD FICOTHNRNNo IR ZERIRETH ST
O, POSHEIZE T, 72 2IFERUITSND L2 bilibsh, BREKT D,

T RAT 4% VU LRROEZROKF MM THLT =T LU LI FHEEZ AT
DI, TUVEZT OHFNRAT 4 LOBERRE, ZODH, T oE=7 0 FOMICIEKE
faa & XITN LN FHGI MBI E | 3BTRS TE < 725,

E EBIZEATWROS T TH D,

M7 UESTOIEINEAT 4 X0 AR E,

KRBV Z RSO T, T BT IIKIETOTN,

BT UE=TIIKPTHOTMNICERE L TR EZ R,

HORATZ 4D FEIIE 34, TUE=STIE 17 DT, EYERECLEST A L. R AT
A VUIRRDBIEIIT VE=TD2ETH D,

©® 006

BIA. A FELI ) e oW T O AR BT b . LY O

UV ATAEDERT, UV ObEiI+s Th o, £70. 58WIAKIE

S0 HEH & LTHO BN SIEA, T AT LA RO B il o~/

L LT, RO D I DILA T L bbb, R Y it |

KEFHTIESED L U L BIC i 50T, BRI & T 5, 04/'3\|\O/P§o
FEAEI Y O TREEITARO L 518> THY ., —P—0—P O |\O

— AL TWOBERTFIT6 2H 5, O

(B]

ME UV UVBIHES LG E OERE ROV TOMBETH D, ABLEMOLHE &Ry
O LoD VFRFITER LICGEE, BiET 2 ) VIRT L ORI BIHbN 2 MRIF 3R A 3 HT
HOHZEITEBE LW BT Y A TR 5MEE Y CIRICIE 2 DORMERMEENH D,

ol 1T 1 1 o o—j_ /|F||>\ /|F|l<o“
~P_ _P_ _P_ _PT Hoo Yo7 | Yo | DoH
Ho” Yo | o | S0 SoH O  OH
OH OH HO_|
Sp=o0
HO
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ZITIEHINELTO X D ITHET,

- @O
(P)

ToE VRS Anbmd T2 OOWERMEERNH D Z LB DND,

[FERIC, U UBE 6 0 F bR DfE Y U IRIZIT 4 DORE ﬁéﬁiﬁ)é@éo

5 /\f”if/ﬂﬂlﬁ/\%fdbé )/E&S TN HEE 24O DOHEERMEED D D,

U g6 4 %ﬁ)%f;éf’rﬁ/\) VBRI 9 D DOREE RN D B,
®
® e Q. OmmO E—®
o @ &P a0 ®
2 R
—E—0—0 O—E——0m—FE—%m EO—F——©F
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M4 AKILFOU > (831 16 mg lZMAN T 2EOWE &1L
(16X107%)+31+3=1.72X10"* mol

Tho, Vi llals5 Ti%@%&WM6MXm *mol (©) T, ZOHEIX
(1.634X107%) X368 =6.01 X 10> g (NasP;0,0 D& 13 368)

L7 ->T, 60g &#ET,

Fo, WK REEA LD LHE T 50mg L' IAR) 9SL IS EEND AL T AL F 2 DWE

Bl
@ox10*%4100x95=475x10*%nm

Thod, ZNNRRELIS6. MO T Cay P00 & 725, £ DOWE &I
(4.75X107%)+2.5=1.9X 10" mol

LD, ZhHIE, ODEL YV KREVWDT, IVV T AL AL 2T _RCILBEIES 2 LIETE R0,

Thbb, BoNSBOERIL. =V BOFT Y T AEORETIRED,
(1.634X107%)X353=5.77¢

L%,

=V UBOF MY U AEITABEAIOKS T, ZHIEINANS T LA T RO TR T AT
IZHEG L, LB EED 720, KOBILAIE LTSN TE, LhL, TOERIE—FEIOWRE
THEHTAIONR Y O EED D, IEOT-OIZMA b =V B0 N o LI, FEAl
Wt L CHARTIE 20~30%FRE, F7- WL T LA G0~ TR T LA T 0 258 ATEREK
NN Tl 40~60%FREETI S v T,

Fio, WAL LI-BICTE DIBIIKICEET 220 A RO~ Rz iio THit s b, 2
DHKBNCTHAT 5 &, BREME KT LBG A5 SR I T, ZudV Vgl EoRESs
DRI L0 B EVN R FEHET DHE 5. B K DM L JER TR OiERE BB DL, D
REBEEREVEZ DLWV DO THD, Fio, MHTHH LGS I3ENIC L 0 ilEEMAE THERES
. AT av A TREIREDT T 7 FrDRAEEHT-67,

BETIEH, 20U VBOEORDOVIZELF T A FR#ELAIE LTHWOND KD IZ/oTz, %

D R %ﬁwii#ofm*ﬂ (2720 YERBICET HKIE, 100 LA D 50~70 L IZHi
KENTEWHIT—2 015D,

FEEDZ BT VI ) T A BB THHEA T4 M, REWREEOMEEE CH S, ¥
FT4 MiE. SiO, EEAZEREMN E L, ZOMNEES SR ICHIERE L TRy FU— 7 fE%x
L, Xy FY—7 NITITHILDNTFEL TV D, B4 74 FoffEdh ik, —#or14% (Si)
NT LI =5 (AD) ICEZHD-TEBY ., Ao, MHEKITADEAEBR AT S, ZOAEMNE
PRI 5720, BAT A4 hOMANIZITT MY A4 (Na°) BV vLaLEy (K) 72ED
A A DEEn TIN5,

AT A ME, BAEER. A4 ZREERCMBERZ A L, LEMEBE LTURSFIHENT
W5, RIS DA T4 MeoWTHERT 2 & ko ca®™= Mg2+7&\ YA T A AL
PICEEND Na5 L A3 - (RET D130 &1 5, Caa™ o Mgm DREICL Y, ARILSh,
PRI OV O TR IETE 5 (Ca™° Mg™ WIFET 5 & %@ﬁ#@éﬁﬁﬁ@ﬁ&%ﬁb
TLEI DT IHNEE L LIZL < 72D) KOFAKIZ Y VO 2 AW TV TR RIZH A D & |
X2 MR~ DOAMMEH I TN D,
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[C]

MNEZAERL S 2 e R OIF(EL R (E &) Z)IHIZ ﬁé&ﬁ%ﬂw%)%fuwwﬂﬁﬂm%
EFR Q25%) ., AU L (15%). Ve (1%). fisg« BV 7L (% 02%). T RU UL - H{FE
(% 0.1%) . ~Z7F*T UL (0.02%) DNEICHES CEFRITCIC L > TETRAR D), ZHHE. ¥
YT ERLE LTEEEICET O NE L. EDIFEEAERIEKGICEbo TS, U
T R —RECBBIE B L= WED1Eh, VU E LTERHEEZER LTS, K
RICIE., ZHBEEND Y o DLRIZHOWTIRIELS 5 72,

fla  31X38-+-2870X100=41%
B OBE, ALFREMO T D DHEFESC, ZOBROREE: BIRIEOHER ICE DI S,

MY EBET 22703 —2X75mol 72D T, ATP X1 HH720 285 mol AU D, W -oIEH ., AR

N ATP OWVPEEOKFIL 020mol TH D, LIZRN->T, 1 HH7= O L Bl ORI
285+0.20 = 1.43X10° [

ERFED, EBRCIEE MNISESERFBEHRLZERL TBY ., 2O ORI CTHMETH

5o ZOHBERREIIRKERBEICESNTWER, 1 FH-0ETRE W) RS D I%, FEE

DAL, BT — X OmRT L AL L —HK LTS

Y RERBIETEL,
Cas(PO,);0H + 4 CH;CH(OH)COOH — 3 CaHPO, + 2 Ca(CH;CH(OH)COO), + H,0

R ESKH&%’UV@%%&%HO@@&&T“%(M@ﬁ@ﬁb’ﬁif“ézﬁ@vy
FRA A 3 I ERICE £, ITHZIET D 8§ DV A A TR 1 & L S
Twéo%of\ﬁ&%%ﬁ:ainé)/w4ﬁ/i2+&a=6@?%éo7wﬁm7A&4
R DF#LERIT Cas(POL)F 72D T, BT HICEENDE 7 A4 BT 24 MI6+3=2Th b,

Fo, T oAA A NCERT A0 LV, WD RIZH D T oAt A A 0 14 BT, %
N8B 2D DT, 7 MAA A TR OFIZ 2l D LA ED, LIER->T, 7F
a7 REZ A FOEEIL2 Th D,

V3

Bt BT OREIL, V' =0.943x 0.9437x 0.688 =0.5298 [nm’]

InFuTZ A4 FOXEIL, M =40x5+31+64)x3+19 =504 [gmol]

L7ci3oTEEIR, d= 23504X2 —=3.16 [gem ]
6.02x10” x0.5298x10
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(B FIT—2D3b ] EWHIXEEAEZINTRELE, A
LA IGRBE T LD ERICE DV EMTFT SN TEY, Lo &L
TR BTSSR REZETHI DL ZDOLHICRBLENTZDOT
LxIoh, TEBRIZHOHTRZ ENE 2 082 &, AN
DHEIHEEBITFEEMRLTEELDENLTL X 90 &b
REOAIEMAE £ L O TNDLON THEEY] T,

19 A WIEE & CHBILEMITEM OB TH Y, A a7
WEDL D IERERVMEThHD EEZ LN TTWWE L, L2, FA
Y DOAb##E 7 = —F — (Friedrich Wohler, 1800 4E~1882 )%,
TUBRT =T DK DI & o T, IRFE AN AT
HZEICHILE Lic, 2had e L THOWER LS OBEEIT R
BN, NLHICABEEYNEREINA L) ELT, FHT
HFORBITFEE, THEEYE L) —0BHE2BR L TOET,

—W, REEEOWEERHRILEME N WET, R HOHED
FOVITIE, AILEYN DR B A, TNLEZ AN,
ZOTVNHEFSTHNOWNSHWTT, K, B, KT 72T
v I IR EEEFESTNDLDIE, ARLEHO—FETT, HOEDHLY
CEILEMDRH D &) Z 8, WEER L2Vt LILEE AN,
RBIVKELIERE L THDOEDVIZHEELTNDE NS Z D
T, AIEICES LTEB Y RIS S KU AL S TR, B
BETIIZETROND Z LN, BN A THIIN TV S0
EWVH L, ZHTHLROML LLER A, @ THEGESCRIGA, 1k
BYMOLRTREE AR SO THIZ R 572 AB WA TL X 9,

ZIZT, AT T T YT, AREFEOBL LAZSEASTH
5 EEERICEEL CWET AX Y, mX 2 LN TR AR,
KIGRERZ D Z EITENZ ETEH Y A, 7272, TNHiX TH
AL E VI ERRO T EE A, bo 2R A—V%
Lo THRVMATIELLOTY, &2, BEkE2950ThH, R—
NNy b, T a—T L WolmlBERHH-T, EvTFr—REDKRY
vav, ELTERARAL—ADBHY ET, Zib—Do—Dl%, WERk%E
T59 XA TRERZ ETTN, TNENHIMTIE, T2 EE3
HEERENWIAR—YDOXAFTIvIRBLLAZIEK LD Z LT
TExEHA, TH#ELEY LRLTT, lx OEBLEYCRG % B
T 52 EIFIMETTN, KRYOEKRTO LT OoX 4TIy
J7BHLLAZE, ZOERIZHY T, TOrv Y N ERLMEMET:
TV EERTVWET,

HHACENFLIZ O HITICKEL S HFIEL, WAWA B 7
FlIObHENTWS Z 2R L Td e b ian e B4, RRIHF
ETDHEL DILEFEDOHRT, &5 LTRBZBLEETALEWMT T RE#KIL
FLEWVWIRERMFEO—DHEZEKR L TODEONE NI EEMZLD
FHAD? ZIUL, REOFES DIHEFIZ L > T W E N FETE
HZEMRERERENVSTHLENWTLE Y, TLT, REOHEED
5 & BT UL, B BId-< SAOFBELAYEHEI L T2 D
T ZENTELOTT, @R THEET L8 T ORI THEX
HTE250130 %<V ERA, XX, ThHI— L ETINVER
PN HN DEDZAT NV ERFTEXET,

ZOEHZ, BRERIIRATZVTDHZEIEDVITHBENRNLTVE
TN, B TOL N ET HEEEZ TR M AL ET
EITEST-RFNTE D ERBWET, fLFET T 7 T, F#RPOK
FARTIEADT VRIS 2bH 0 3, 2ol FXAD
B2 D RS & > EEZTINDITT T, RO R Tl
STWRWNWEZ FERLATHLL AT HEWTT,

- 135 -

1 OO OO O



ohkura
テキストボックス
｜
有機
化
学
｜


2015
WOIFE G, UFOM (M7~MY) CE2RE0,

1 | swem: oz -rass)

fHEICFICAD B EWnG  EHEREEDILEM 2 N LIIZERT 5 2 L 228 e v
9. HOLEHNERLLE LTAETHD L LTH, B TRRD KL 9 ITKRERD S ITHHE L)
BONRWEEIZIL, 2ARICE > TUEEZIETOLENHY, ETHLEETHD,

EERIZBVWTE S E S ERBBEEBNEDONDE N, b o & bEER S DN IRB-RERME
EERT OIS THD, 7V =% — Vs, TV R—IVKh, 78R hy 7 TR E S E
SERRB-REFMATERIENH DN, T4 —IVAR « TLUE =SS REERRIGD—DOTH 5,
Z ORI KA Y O ET +—/L A (Otto Diels) & 7 /L4 — (Kurt Alder) (& %12 1950 42/
— LB EZE) Lo TRARSNTZZEICHRATEIEINTWD, T 4 —/LA « T )b
X =T, T UNZEEEE b o T AbEM L BEIRINRISZEZ 52 ik > T, &~
7Kk UFERLHEL MR ERT D, R EITZ T ODOZEBEEN OO HEG E AT
WHZETHY, 2oL RfERBRICH D _EEGEAE _EHEG LW, BETZ LRI
TOHLZHEMOGE L OMEITH Y = R EMHEIN D, bo & bHMRT 4 — /R « T X —RIGIE
13- EBT MR LT=F L ZHWOKIETHY | 7 a~Fre o NERT S (E
1), UL, ZORLEMRT 4 — LA« TOUZ—RISIFHEIT LIZK <, BIRTHBD TP o< Y
ELDEE TR, a CORBEFE LTI ELDIFENE (B) T5& KW,

e — )

1,3-74>x> X voanFty
(HBSTY) BT A)

B1 1,3-TESIVEIFLUDTA—ILAR s TLE—RIE

ARFETIX, REFFRFOKFRFZ CRXH LEPTICEKE L., (LAMOMEZR1 DL 912
EBIERNCERLT 2, MAERTERDOIGCHIIIRERFRH Y | KEFEKFHEG ARSI
%o RFA-KFE _HIEAED O B 1 AFFFFE L2 E KO, 5 FORBEKREZZALTEY
Ihzxo (7<) fiadni, I 1 RKIn 1) FEEWVWI, oAb Tn5E
L A LTI, REBEEHE ELEBEIT LN TE D, 74—/ A« TAX =G TIEER
3D mAEG L, L 2D oG L 1 O 2B EKT D, £lo, B HOBE 2K
RKEMZ X VR LTz, BRAIOHBRAIBET HE 3t 2m L. REOLITH LRGBS ERKT 5
JAfH, ERFESFBBET O ETHD,

M7 ®oFgE#EEXOSFRXKELTELWEDEZLLTOO~O®DFH 5 — DN S,

Q26
O C7H02 @ C7H1402 @ C7H1602

(0]
/\)J\O/\( @ CsHi202 ® CsH1402 ® CsHi602
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有機化学　１．天然物の全合成  （2015年出題）


B4 RO FKCHRO DT a2 — OF T AFRERFZ2 L7200 TFTOO~@DH
MH—DFBNREN, BB, REREZBFEA LI 4 FEORERARFFE 2130 F+H %2 S DREF
»z a%moolﬂﬂ

®  on

W %OH% J

B XkoOEMOFTTHE_HFESGZ LRV EDEZLU FTOO~ODFNE —2BUR IV,
Q28

® ® ® @ ®
4AW/\ 4“WA\ 46%(\ /NT%\ [:j
BT FEmao (b) ICABEMAL LTRLEDRLDEUTFODO~@DHNE RN S

Q29
O ®< @ &< @ —EIZ

TA—IVA TN HE=OEDEZ Y RT IE, BT R Y ARDEREIC L > TED
Do —RIC, HREY T ACE G, BY T U ARICE RGN O LIS Z 0
Teh, DEV, BIEERIE VLB IARRRBC AREHWD & RUSTHODNHE
177 %, HFEAEFXE2 b ORFA ZEHESICEZENS L TCWT, ZoHFEFEF3 2 ZESHE
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CHO CHO
HeC=OH —> —  H——OH
CHOH CH,0H
Fischer #3523

X 2 Fischer & XDFK LG

4 BE20NARELFE U FE2, UToO~@DH 6 — O &0,

) @) ©) ) ® ©®
CHO CHO OH CH,0H OH H
HO——k—H H—%——UﬁOH H0H4>—+—H H——F—OH HOHg?—%—CHO OHC—{——OH
CH,OH OH CHO CHO H CH,OH

RIRIZHFET DHETIE. ENENOARFRFR I L 2 FEONVAEENEZ bND, KK
WCHFET D7V a—A L D-Zva—AThHY, O Fischer HEXEZR IR T, ZDOD-L0 )
FrolE, WAV R=VI(C=0)1 D biE ITH D AFIRFERFONAKEEN D-7 VLT LT b
REF LT THY ., Fischer B THAR=VEN EFIZ DL 2 12RK LTz & & OH EAMNZ<
5T EZRFLTND,

CHO CHO
H—%ﬂH H——OH
CH,OH HO——H
H——OH

H——OH

CH,OH

K3 D-7VUEkATATE R(E)E D-7 Va2 —A(A)D Fischer #52:K

Bl 7 a—R30L ODORFIREBIRADH D50, L FOO~DDOHF DB —DEON72 Z Wy,

1 @ 2 ® 3 @4 ®5 ® 6 DO

BB EMER T, W OISO 2 IS LS, BEEMEZR & O A R s
Do JFHIMEE #ﬁﬁéﬁé%% FFRMR L BIES, RFRBR % 2 [HUL EE Tkt
BT, BBERICRVEFRERTH DL VT AT LAY —BNFET D, S50, —HFTDOARHK
RFERA DONRELE TN B E T AT LA~ —4, 2w —L 1),
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T D-/vo—=RiciE TR VT A7 LA ~—MEfE L, O™ B —2
FET 5, | Q109 & | QU0 | ICi#T 55 A LL FOO~QDF b —>F OO Sy,
® 2 @4 ®6 @8 ® 10 ® 12 ® 14 ® 16 ® 18 © 0

% OFEE, VRV ENS =05 D WIS HEN - REF 7ISHAT 5 b R o H(-OH)
ERIG LT, FICRTRISEEIC L > TRIRNI T X — NV E2ERT D, ZDEE, IR =/
ENOHTICAFRBIRFNAEC, AR 2 EHOT /) ~— LI D SIREMER E 70D,
ZIE, D-Z N a—Z0EEREEIL. TOR4AD @), )DL Hchsd, £72. BB LR
RFEFA %, BT ) ~—RBFA L IEE,

IcHo
H-21—0OH CH,OH CH,OH CH,0OH

3 . OH

3 OH o o
HO . H : —\V H OH + OH

H—1—OH L0

5 OH OH OH OH
H_G_OH OH OH OH

CH,0H
@ mp~sreson O

4 D-7Na—ADBRRIEE (LD Fischer #EXO A LEKTIE, ThENORBFFONEE 5%
RLTWD, £z, DO =Z2OHER TIL, -CHO & -CH,OH BISD IRFE 1 IZAEA T 2 KEIR F13EME LT 5, )

B IE 2 OB CIE, SEROMEZ 77 ) — A, 6 BROEAE T /) —A L0, BEREEE L

T4 T %, LIeho>T, @% aD-ZvatT /) —A ()& BD-7//LatT ) —ALmtdT 5,
ok BliE. 7/ v—RBRESONAEEEZRLIZLD T, ZNENE 4 D(a) & (b)IZR L 72 SRR
EIZRLCEAT 5, £72, B4 0@). (b)D L o BRI E DR L% ~— A (Haworth) 52 A &
W, ZORDETIEH, BESZRD END RIGEETR L, BOBER %2 e, 7/~
— RSB A AN BN TR T,
A D-Zha—2m 5 BREEDOLSTHD B-D-F/ Va7 T ) —A%, Haworth % H
WTRLZ(EGB), Zn& &, [A]~[Dlici#ET 515 %, L FOO~@DH N6 —2>F D722
W,

(Al [Qu1]. (8] [Qu2]. [c][Qu3]. [D][Q114]

[C]

[D] H o [A]
OH

[B]
OH

B5 Haworth#&EATERLIZBD-Z7 17T /) —2A

@O H @ OH ® c=0 @ CHO ® CH,OH ® COOH
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2D o-D-Z VAT ) — AN IO FaF i Aot o X OB TRyF 2 ik
THLZETEHRICHES LR T T AZEENDLT Ir—AT, BD-Z/Lat’T ) —AMN
EHRICHEA LIZboRnterr—2THSH(HE6),

CH,0H GH,OH CH,0H
/Ki::;x\/<t:%>\ /KifigV//<t_f>/
TIiIg—RA lra—x

M6 7Im—REbBo—ROESHEE

Fo, TIv—RELREIUHBAOHESL T, BED a-D-7 V2T ) —ABRRRITHES LI2ba?
7 a7 XA KU U (cyclodextriny CD) &V 9, 7 BT XA MY L, 1891 2T 1 U = (A.
Villier)lZ X » TR LS4, 1903 2 v LT ¢ > A —(F Schardingen)iZ &> T, ZOIbEWniER
WHEEZ b o724 Y THE(DH) TH D Z BB LNZ SN, BUETIE, COIEY Yy HA TR MY
EFRAVOT TR SETRIESND, Y/ u TR AR AT, 65 FD TV
%xﬁ%%ménéa/7u7%xh)/wcm7\%ﬁ%@éﬁ/auka Y >(B-CD).

8T bleby-/uaT X AR U (y-CD)2 ENH D, a-CD OEER & 7 L IR 1E % &
7123, 0-CD OSARR RS IL, JEOHKIT oY 2 RET LD IR X 5,

OH OH
Ho., .0, ~_OH

0" 70" cH0H 0

HO\C(CH ,0H HOH C JO:OH
Hoo 0 CH,OH HOH,C™ oy
0. HOHC. 0. .0
5

H” > 0" Y oH
OH OH

7 a7 uFER Y (a-CD)DOAEER () &R 72 RS ()

B CDIZAKEIETH Y | ZERDONEIC A REBLAM AV AL Z LR TE 5, ZhIE 57*
@R b B, ERONEBOMEE > TVWEdThs, B74258E 2L, @b
LEEMOMAEDE(@). (D)%, UTFOO~@DHF M6 DO E 1,

O (Wfk, Ex) © (@Ex. M) & @K BK) @ FEK BK)
® (., k) © @ik, TE) @ (B 12) (. &)

D 70 FDZERITM D5 F 2 B0 AL E %2 Ta8E] LW, TD X9 2EZ b7 \%%T

]\/\¥&b\90 ZERORE S ERVIAEND DT ARG EVI)DRE R EITL ST,
BEINGINELD, ZOMWEIT, BACEIEN, [bdh, EIEH MR ERk A 208 TR éz’b
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TW5, 72 21T, ThEV ICEENLHBEMEDEWEFE Y RLELDES Db NE HIZ L=
D, KIETFIZ WESKTZ CD ICEBESETKICEITRT LEEY . REETHIE LT WE
L ZET L0 IR SN TV,

FHOR8 DT T 7%, B-CD IapEs 1[J

iz SFEHEOFELZR (T VAA Y FF ;

L7 — RAITC), UEX>, b FF PR O AITC

F— VBRI BOC R TR T, @ a YAy

HEF DR & 61T, TR IR () & g O e %*FA-n

NAETERLTWS, 28, AITCIE EM

HEVRMNE LOFEERSY, VEX T vf:u:u1

RO BRI E FN DK, &/ -

X F A —IUIAXERE J F/p EDfHE 0 : : : .

ORI Y T 5, ¢ 0 4 ®© & 100
BER [h)

B8 MRBAFEICRIET 7 L— " —DRHD
(HEAEHE T ORI & A4 7 L — S — RO O & 0 1ERR)

¥ E8n/770NE LT, FO@~(@DPXD S b, il Th o 5HAIDE, W T/
BEII@EENEN~Y—7 Lig &, | Q116 | ~ | Q120 |

(@ CDICEBINIMSIT, FEMDIC Lo TRAS,

(b) 0-CD. y-CD #HWThH, REEDFRERENELND,
(© AITCIEp-CD (i< ST 5,
@ VEFRAL, BHEOKEE LIS, D LPoRESh TG,

(@ b /%FA—LIHa< p-CD ICAB SN TH Y, &< &,
S 51T, CD AWHHEN T2 B AT L, RIEOREC LRI STV, 227> hIEv D

VIR CERZIRKF TN 2 &L 8k T 5, 20L&, GFREHKIIXFLnbDET 5L,
WD AT SUSERIULEY A~D)7F 52 (B 9),

l O HooC l O l O . l O COOH
A B C D

K9 27> NIV ANRUEBEONEYIZ LD BbG

HOOC
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ZDLE HIVRFTVERCOOH)NT v k71 B O E# T mICx L CRAEVMIHH X (2
STALEM A E BIZHOWTEZD L, TRITRT L ITLEY A IITEEBEMEIK AL & A2 zM?
ET 5205, BICITHGEMERITFEL R,

COOH HOOC COOH HOOC
= / HOOC COOH

HOOC COOH

(Al ;f A2) (B1 = B2)

RIS AARF L ERBEVICE UG AN LS C 3 EMEAH D IZoW T, IE LWk
EUTOO~DDH 5 —DEOR &L,

TIFEHR RAEIRDAFAET D05, ALEY) D ITITHUG MR FAE L 72V,
TIFEHG MR AAE L 22V, LG D IS BRI R FET D,
L&Y DI LB RIEERDFET D

L&Y D IZ b HG RIERITFE LV,

ZERDOREZ SOFE NI LD | y-CD OZERNIZIZ 237D 227 > b T/ VR VRN B HER %
ENRDHLIICLTCRFICZAD ZENAFETH H DY, a-CD O/NSWERNIZIZ 2-7 > T L
AUBRIZIAD T U,

B4 y-CD Nz /=& EDGHEEA a. a-CD ZIMMZ 7235 DORIGEE % b, CD ZMMA 720 &
XONIGEEZcETHE, a b, cORNPEZIELLELTWAEDIZEND, LLFOO~QDH 1>
B —DROVR X,

@O a>b>c ® a>c>b ® b>a>c @ b>c>a ® c>a>b
® c>b>a @ a>b=c b>a=c ® c>a=b

S| yCD%:jJIJ%Jth\EA &% A, B, C. D@Eﬁitti32'40'10'18“6‘2%© y-CD %I
2T, TOERIITA0:40:8: 12 L hoT-, ZORRNPLEZT, UFOXD [Q123] &
HY5EMAEC INDOO~QDHMHENLN—DBOR S,

201D 22T N7/ IR RN 1 53T D y-CD DZERNIZFERFICA - TRIRT 5 & &
Ty R TRCBEROEEITEICK L THARFVENRFR U o72 b OR, Wi ilieo
72bDIZHAT @ 2 @ D7y @ Ebbpwy) ZEnghbd, £7-, y-CD
EANRNEE LD L, DARFCERFEUCHAICHLERIT [QL24] (@ HATW5
@ WoTWnD @ Ebbi\) ZERFhd,
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MY 2272 F 7B AR CEBEO ZEBLAERDIL, v-CD O%A I LAY A~D O 4 FEEHO Sk
RN ZNENAERT 575, B-CD 2 V5 & DHDESRN AR T B, i, p-CD &
-7 N TR UANREED 22 CHESERER L, T TCBNEZ LD TH D, D 22
BERTIEZ, 207D B-CD 1IN Y DIV ARENPNEDRIZR D XS IE L T A (E 1 0),
IR LEYTH D EEZ DNBHILAEYE. L TFOO~DDHF )N 5H—DBURE W,

O fkLEwA @ f{tawB @ fkawc @ fawD

10 B-CD & 2-7 2 b7 HIVER P 2:2 AHEEHAD B-CD 43+ DI~ L 7= [

y-CDIZ7 2/ H(-NHp) % 2 O =R y-CD | BLX O #FUSICHWEZ@E1 1), 73 /5%
EANHRFVEITENIGIEDTEI DL LT, ROBIZEZ RSV,

—NH,
—NH,
—NH,
NH,
I

11
11 207 X B S 7z y-CD

e Effiy-COIBEION 2N & DAY A~D OAMLE LT, #lEEZX LN HD
U FOD~@®DH71 b ZNZ—@ 0 S\, 1-CD y-CD Il

@ 20:40:10: 30 @ 25:35:30:10 ® 50:45:2:3
@ 40:40:10: 10 ® 60:20:5:15 ® 30:55:10:5

y-CD ZHW e x| (LAY A OBIGEEMEIR AL & A2 1T BAERT 5, —J7 y-CD I3E5E
PR OB BYERD 5 H DO F )72 D Ty-CD Z Wz & i3, Al & A2 OAERREICIHF Y 234
COFREMEDN D D, ZOMR Y 2R ITIEIEICHEGAIEREE%ee) 2 5, FilzIX, AL L A2 DAL
LAY 80 1 20 ThHIIE, BifpAimRI#EI1% 80-20=60 & L T 60 %ee & £ T,

MR y-CD ZHWTKIGE LTz E 2 A, LAY A BT 28 RETEIRIT 42%ee & 720 | Hifg R
PR AL DT LTz, ZOREY A DFMGIRERIFEEZ | G082 iz AL DR TR T
EA%IZ7R D73, 2HTDBEELTE Z T2 E 0y,

| Q128 || Q129 ] %
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3

< < fiRE>>

7 Q106 ®

4 Q107 ®

B2 Q108 @

BT Q109 M. Q110 @

M4 Q111 @, Q112 O, Q113 B, Q114 @

A Q115 @

M+ Q116 . Q117 @, Q118 @, Q119 D, Q120 @

o Ql21 @

M4 Q122 @

o Q123 @, Q124 @

B4 Q125 @

s Q126 O, Q127 @

MR Q128 M. Q129
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ohkura
テキストボックス
3

ohkura
長方形


< <fEFL> >

KAL) (carbohydrates) i, BEE (saccharides) & & FFHFAL, —#x3 Cn(H0), TH S 415 Bl 21
Ry & BRIE ORI To 5, AT, #2378 - JRELGDETEZ AN
[SRFHEHK ThHHIET TR, EREWRT 5 KD LA T b5, BROILFETI, 7
/L=t —2(glucose ; 7 R 7 HE)° 7 /L7 b —A(fructose ; AE) 7 & 0 HLEEAR (monosaccharides)°,
JL b — 2 (maltose ; Z3HE)° A 7 10— A (sucrose ; 3 2 )72 & O E¥H (disaccharides), 7 < 17— %
(amylose)<°tz /L 1 — & (cellulose) 7 & D 2445 (polysaccharides) (2 DU Y TE25,

M7 AL, DI VAR OBRTERIND, 7 re 7 1 LM ATP 04
i, ANVEVERIR EICOWTOFEMITE S B, ZORBONLFERISEE L DD L, LTDK
e R D,

6CO, + 6H,0 — CgH;,06 + 60,

Lo T, B30 L 705,

3R [E U CHE DN B2 6 SR & BE R (isomer) & v 5, BYERIL, REFR-DO20
V) 5o HAFE DN E A B 70 2 Rk BAME (AR (structural isomer) & STARHEC BSOS ARELJEE A3 FL 7p B ST AR
é%@m&mmmn;kﬁéh&um&@mﬁftiAM&E$%®O?ﬁ@lﬁi%@wmmmdwmmo
L BB EIE R (enantiomer) 72 KA R T 5, BT R JBBONMKEEEEZTHE L HLND
Fischer ## X Cld, WHEDAFIREFR 1L 2 ROBERTHMTRIND, AEREFRAZ 0
& LIZMEERZMHT TZEO—DEEICOT 5 & KHD = DSOEHLLD 5 HO ZONELIT D
IhE FHEICEE L TRTERLED, Fischer A TH D, ZD7D, 4 ORI E O F
ANZAIWTWAREA %, 72, E FTOEEOHIIHE OEMIZMmN TV HEEEER LT H(E2),

M4 Fischer &5 Cld, WODEHRIED 5 BILEDO 2% ANVE X TTE 2{b6MIE. H1HD
ICEMOFGRMEAR L 12D, LIzni> T, BEEOEHBEO ANKE X THDORLE LR UL 2
HLOIEF LG TH Y | FEEIOANEZ THIDOEE LR Uic7e D b Dlk, $FHEBEERTH
He ANVEZOREIE, O, @, @, ®=« « <1\, @« « <2\, @« « «3[EELARLHDOT, K
2 LR U ELE A b kA it ©Th D,

RHFRFIT % AW, FEIE & FHEN D REITRT DR e 2 b o, FESEMEICIE
FEtE & RN & B2, — OSBRI TIE, — 7 ARt & R i3 7 (XA et & R,
KIRNAFAET DHED S5 B, BARFUTER O Z AFET DR D-Z Va3 —AThH %, D-7 /LT —AD
D%, D-7 U kAT /LT b FAETEM (dextrorotatory) Z & - TV = 2 LICHIRT 5, RERICIE(ET
HDIZ & EDFETIZ, INAR=NVE(C=0) b biE < IZd D ARFIRFIR T OSARELED D-27 Y
TAT T e RERIUTHY ., Fischer HE RN THNAR= VIR EFBICS DL 91c#LIZLE & OH
ENLEMNZL D, 728, D-EROPEOHFHRMEIKIL, LIEOEEL VD,

B B 3I2EK L7z Fischer % Xa b b, —FLOT VT FREODREBIR 2 1FRFL L
TRIZAr-> CEICE Z 255 8, 2%, 3%, 4%, S ZBOREBFRADPAFRZBREFTHD, L
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ZiioT, BAIT@OTH %,

T MLy, 7 a—AT 4 HOFRFRER T3 50T, SERRMERIT T2 =16 f
FE2 bbb, ZNUODOERMEEEL TOKIIRY, 2056, (7)~0)E D-F. ()~G)i% L-HET,
ETFORITEWVCEREEEROBEZRIZH D, 2T, (7)EONTAEWICEHGRMEEORBERIZH Y |
TNUSD 14 T D-Z NV a—R L PT AT LA~—DOBRICH LD T, 2130 TH 5, %
fo. D-Z A —R &= AFTORFRFEIR T OSAERE DT NER L8~ —E, (). (). ). (0)
D ATEFHT, ZZ21IOTH D,

'”:l (7) 7]
> GHO @ CHO @ CHO @ GHO @ GHO ® CHO ® CHO 2 GHO

H——O0H H OH HO H H——0H HO——H HO——H H——0H HO——H
HO—r—H H——O0H H——0H H OH HO H H——O0H HO—7—H HO——H

H——O0H H——O0H H—7—0H HO——H H——0H HO——H HO—F—H HO—F—H

H——O H——0 H—F—O0H H——0H H—F—0H H—F—OH H——0H H——0H

CHZOH CHZOH CHZOH CHZOH CHQOH CHZOH CHZOH CHZOH
D4 LA —R
_"n | N \
L& 0 CHO @) CHO %2 CHO 2 CHO @) CHO ®) CHO 2 GHO @ CHO

HO H HO H H—r—0H HO——H H——0H H—F—0H HO——H H—7—0H
H——O0H HO—r—H HO—F—H HO——H H—r—0H HO——H H—r—0H H——0H
HO H HO H HO—r—H H—F——0H HO——H H—F—0H H—T—0H H—F—0OH
HO H HO H HO H HO H HO H HO H HO——H HO—T—H
CH,0H CH,0H CH,0H CH,0H CH,0H CH,0H CH,0H CH,0H
LA ILa—x

20°COAREEIKF T, D-Z /3T — AL 0-D-Z VAT ) — AWK 38%, B-D-Z /L IET ) — AN
H62%DIERM L 70> TEY | BIREEEIZ 1%IC LR B\, /2, 7T/ —2AMD I La—x g,
FAET DM, afll BAlEZEDHETHZDIFERIT 0.3%IC B2 720,

IcHo
H-21—0H CH,OH CH,OH
38l o o. OH
HO H — OH + OH
H—H—0H
5 OH OH OH
H——OH OH OH
8CH,oH

@ mg~sres—n O
1%\ 72 72 0 % 38% ) 62%
A 7nars /) —R2BWT, 7/ v —KRRTFONARREZ £ T o 13 LALORFER T LD
OH #: & 5D RFEFA ED CH,OH A b T o AR E (BN, B ids AELE (R TN H 5 =
LERT, BD-INaT T ) —ADONARREEL, SRS EZ G IE L 3 FE 4 BRFIR O
BEREEFHE D IZEEE L, TATE FEORLIC 4 FREFFIHE L FaxoEnK 5k
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ICEZDLERY, £HLT, 6 BEMELFLLIICT AT FEE B Frf U EOM THE
DK END LT O &) REREENTE D, LIZA-> T, [Alide FrFUIETO, [Blidk
FIATO, [ClIE CHOH T®, [Dlidk FrFi#T@LRrDd,

6
°CH,0H CH,0H CH,0H
HO H
5—0H 0 0. OH
4 OH 1/ == 4(0H \>/ J OH |
o v—, ) |
OH OH OH

BA BED o-D-7vat’T ) —2ANRT7 Ia—ALELLIIC o-14 S TERRICHES LI LS
WZ 7 v %A K~ U (cyclodextrin, CD)& VN9, o-CD OAMAIOINO D FIZIZTZ /L a—AD 6
FTRFBIFRAFDOF DO R FE(-CHOH)S 6 f, AWV A D HITIE 2 FIRBIFEF & 3 FIRFEIR

TITREE LIz RrR R 2X6=12 Tit 2ot Fax v ENL 570, BkMEZRT, Z
AUCEF L, ZEROWEBIIIBIAEZ RTEREN Z 20V T, BiktEzRT, Lo T, &2
T@OTH D, ZD7D, CDIFKITE T IR WMbB W) % & OZEH OWNEIZEL Y A I~ FMANTHE K
a2 IR T O THBMR GRS TS Z LN TE D, ZERONEDOKE XL, a-CD 78 0.5
~0.6 nm, B-CD 28 0.7~0.8nm, y-CD 78 0.9~1.0nmRETH D, ZDI=H, A My FDORE &
SOME DOENZ LY, CD OZEROWNEICER VAT NG SN R D,

¥ 7 UA Y F 47— b(allyl isothiocyanate, AITC), U E x> (limonene), & / FF 4 —/L
(hinokitiol)® 3 FEDEXALIT (T L —r3=)D 551 DR % LU FITRT,

Ho. |

CH,
mm%<:>w( CH,
s - o

3

CH__ N
™ CH, SCau

allyl isothiocyanate(AITC) d-limonene hinokitiol

X8 D7 T 7 Dt 7 L — N — DR ERER ﬁ%iﬁﬁmf%é 3EDOT L——T, WTh

LR DRI EZ RN TN D Z LD CO I SNBSS ITFRR TN L > TRAED LE X
515, a-CD, y-CD OZEROKE S, B-CD L B2 T, RO ENGEOLND LIFEZD
72\, 3D 7 L — =D TR b IREGEE AR Z VWO AITC T, DO RERS A9 <2 B-CD
DZERANN S SN TWS, T, 3 D7 L—_"—D ) bt ) FF 4 — L3 b IRHOEE N
B, T OThULPRENR ROV, o, VBRI, FEEORME & 127272 6 2k
LTWAZEND, —EENKHEINTNDZ ERbns, DLEORENL, @Yl Dix@).
(D> ThH%, LEEn->T, (@ O, (b) @, (c) @, (d) O, () @& 715,
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2 22 HRR £ Tid, CD OEEEEEZFIA Uiz, (LSS OfEE & ST AERIRME O #8212
LTWo, TV 7RI, HOREORERINT DL, ZOTFLF—IZL o> T &bd
Do ZDEE, 6 BEVB=ZDWATLESFOL L O EBEATICH D 2 HORFRFF LT 2 HOR
ANELD, ZOXI7%, KRFALLHELND =R NFX—IZ X > THITT 2 5O & b7 s &
WO, ks, RIS D 1T, Bl RV X I Ko TEIT T 2 BVL RIS TH 5,

RISWBZHEE, TUo b TRUSFIE. TOHFFRICEV O GNAFHEZFITIZLT, b
EHEEAEDIIICLTES (¥, KRTR LIS T2 TN L CRT D BBk 72 X),

ZOLE, THEBEENSODTWARWERMAT > M I+ ThhuE, B LTEL A
Wix—REORTHD, LnL, MEICHD 2-7 2 F 7' VR VEBEORRICERIEN —2H D
L FOME L > THEEDILEYM IR RMER) DN ERKT D, o rRiES< & &, ENERDOST
(21T B ANREVIEONEIE, HOFKO)~(V)O ) bO—2I/ b, Z I TRAONF L]
D4y F O EHIEO AL (FRT— B &2 E 25 &, [F U H M8 D0, 1-11, 1=,

IV-1V), a Bl 5 EIS % LTl b #5112kt L CIR CRNS & 2 G (-1, 11, HI-1V,
IV-111), a Bl 7 A%t UCR TN b #i5a kU CRGRHANT & A A G (-1, -1, 11V,
IV-11), a #li 5 A s KO b 8l 5 1m0 i 57125 U CRHANT & 2 #HAA DE(1-1V, V-1, -1 -1 D 4

FHEE 725, TNENOMAEDENLHE LN, FEXE 9 D{bE# C, D, A, BIZ
BT EVBDINBTIEA D, 72k, EBEORINEIA UV BBREER(EH = ) TiThh b7z, LR F
VIFANRE T T — F A A (-CO0N)E LTHSTIHONRENZ L2 LTEL,

o bEWCEBLIMEAEY D OGKRE, FEXOXKALEY AL, A2, Bl, B2)LRIL LI IC
RTERDOED I HIZ72 5,

COOH HOOC OOH Hoo
l O Q § l O COOH HOOC Q ‘

CooH Hooc
Cl (C1 = C2) C2 D1 (D1 # D2) D2
L7eo T, C TIEFEGLEHFELEL BT HDIkI L, D CIEEGLEBREFERGDT LN TE

FTEEAOH THTEEHZSETAHATIELYY), HXITOQLE 25,

2B ANROMAA DR TE 9 & DLIXAV-N, -2 5 4AER L, D2 1X(1-1, N-IV)) B AR 5,
TRbb, ZNLDOMAGDOENEL DMEERNEF LTIV, FIGEMEARTH 2 D1 & D2 DA E
TELWZ Enbird,

B7 20F07 2 b7 vyPRIST DI, BFRENEIT 2 0ENDH S, y-CD 3, £ D%

- 173 -



WWNIZ 2 53 FD 2-7 2 8T BV ANVRCBERIFHCIRV AT L, 253 FD 2-7 2 F 7B AR
VRIS AR ST OISR E BT S, LN CLy-Co G RET S EE2 55,
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