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F 36 BPENFEMKIETE CREFE 7)) i ZRHF5 AN
(2022 £ 11 B 28 H 15:00-18:00)

s 1 2 3 4 5 6 7 8 9 10 By
o 6 8 7 9 10 9 18 10 11 12 100
o WA TEE TR e
Li Be B C N (6] F Ne
6.941(9.012 10.81(12.01{14.01{16.00{19.00|20.18
Na | Mg Al Si P S Cl Ar
22.99(24.31 26.98128.09|30.97|32.07|35.45|39.95

K Ca | Sc | Ti \% Cr {Mn| Fe | Co | Ni | Cu| 2Zn | Ga | Ge | As | Se | Br | Kr
39.10{40.08 | 44.96 | 47.87|50.94 | 52.00 | 54.94 | 55.85 | 58.93 | 58.69 | 63.55 | 65.38 | 69.72 | 72.64 | 74.92 | 78.96 | 79.90 | 83.80
Rb Sr Y Zr | Nb [ Mo | Tc | Ru | Rh | Pd | Ag | Cd In Sn Sb | Te | Xe
85.47(87.62(88.91|91.22|92.91|95.96 | [98] |101.07|102.91|106.42|107.87 |112.41 [114.82 |118.71|121.76 | 127.60 | 126.90 | 131.29
Cs | Ba| La | Hf | Ta | W Re | Os Ir Pt | Au | Hg | TI Pb Bi Po | At | Rn
132.91|137.33(138.91 | 178.49 | 180.95 | 183.84 | 186.21 | 190.23 | 192.22 | 195.08 | 196.97 | 200.59 | 204.38 | 207.2 | 208.98 | (209) | (210) | (222)

K1) LHEBTELBBEREHAEX, MA-FHZ A RMEHKL,
2) THEBWGEH: HBEFHEH F=96485x10°Cmol™; S 4k % R=28.3145 K mol™*
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FL1E (64 KPS ERRN

KIEE R HRARMEMERE. EE&REET. MAEYSESZ MBS KAERNES, E5EH
R I, REAEHRR K DA R S EAEHE 0.1 mg L 4GS BRI e R,
IR FE W R s FZKEERR IO SISV, FNNE R R AN, TE 20 eh, FEOKFER SR N
Mn*, HEEWILTEG), S ERai a7 5PBEE A 1:6), ML,
1-1 HEE N5 (CHoNOH) AT DA Fl 3h R ¥4 Jie 5 H S % 1:1 7E/KIS R4S, 5 R,
1-2 5 HER L AT A2 8 T FE
1-3 FIFH 7 00 5E vk B 9 8.00<L0°° mol L7 AR ARV, LU MLTE 1 om, OGR4 0.880, MK EHEURE: ,
B 1 LKBERSEE 10 mL, FRAIRZEDOEREE, BL1.60X<107" mol L SRARBIES L, AL S IR
JEFEN 0.200, TS KAERERIGS R, SRR EE 2 S A
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FE28 (84) HALREERIIESH
FEDN E FEEL 2 SN, H BT . 7S 298.2 K Rk FEI ) FLBh 34N 1.362 V.
Pt, Ha( p° ) | H2SO4 (aq ) | Auy0s (s) | Au(s)

EHIAGH’ (H20, g) = —228.6 ki mol ™, 1% /K M A1 2% A 3.167 kPa.
2-1 115 2982 K I, H,0(l) = HO(g)AHAE 1S 2 kit Gibbs AEZEAGR’ . (PEAL: kI mol ™)
2-2 1158 2982 K I, 28 2Au,03 = 4Au+30, IIFRHE Gibbs AEAFAG’
2-3 5 H Au,03 KIkr1HE Gibbs A i H HAEAGH (Au203).
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F3E (T ZRSHRIMERMA
Bl A MRAE T IR IR R SRR R R A AR AR R T 152 B B I s DA OR B HE AL . i,
A DA IAZ B IR (NMR) B € R 2 R R W 5, Timgs i — 7

NH, NH;
NZ 5N N7
S "
S o o o e Sy 0 9 9
o rO—If'—O—If‘—O—I?—OH 0._[0-F-0-P-0-P-0
0O 0 O 0O 0 O
M OH o © €] H OH @ € -
(ATP)H* ATP*

IR (ATPYH® 5 (ATP) " 2 I R 1M 35 - 4 45 P17 i
NPEJE, (ATPYH 1 5 HAY, (ATP)* & 5 9 A",
MR B HUN Kao AL IXIN T .

HA® =H"+ A"
B pH 1, BEMFIRERR AL, NMR Ht

= +-8.0
AR BEZ AN B 3.0 S iyl P BL R e E

B pH IZEAEIE R o i T R T Aok R R, S8 2 90
BRI A2 RS (O ) IR T AL 2 B e
: . . b R S 110

(8o YRR TSRS (S, )AL 1 R

pH

Oobs = Opps Xpps + Ops Lpte B 3.1 yfir 3P (k2R I pH IASAL

L e B 7,0 AR HAY AL AT IRILLA,

3-1 BB TN RS, o VB TR AR (0, JHIME (BRI B MR —6D.

3-2 5 pKa FIFZER, RAls pH FETE M 220 8 S5,
3-3 WK 3.1 & FEUE, THHEBRM S Ka.
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BAE O BRENE %

7 ¥ [(Mg,Fe),Si,Og] & Hh 32 Fl I iy e
M EBHRT W —, EEBEEWPEEHE
PR AR [ 16 ek 4 D T 45 (SiOs) 4, 43 BIFRAE A
BEF B BE, BT XWAEEMHEAT TR TP
FhE A 22 7 1)\ AR S B M1 Fl M2, 3%
HeIRIE, i 4.1 Fros, Mg® Al Fe® {43 A
TEIX L8\ TH 4 25 B A o

BT M1 Al M2 BBl A R, 32
Mg®*Fi1 Fe” o 3L 4 I 36 PEAS[F], Fe? i)

ThE M2 A B — &R, PR AT K 4.1 R S5
RAEANFIAL B A S

Fe?*(M1) + Mg®"(M2) = Fe*"(M2) + Mg*(M1)
NEERE I, Fe?*(M1). Fe*'(M2). Mg*(M1). Mg**(M2)4r %I S 1E Fe(1). Fe(2). Mg(1). Mg(2).
FR S R A, 43 BE B Ko:

K. — Xre@ AMg()
o = 2RV
Are) AMg(2)
v,y NF BT AR BIBERSHL B g N FE BT MQSLE MR8 HiAt

B, ERIE—H YIRS, 7E 873 K THEAT AR, T X S 2 AT 5 455 R 8 /R v Ml 5 B kAT 3 A o
EiWRh AR ASFE A B S OURER A AR AL, BESIN TR

Pi'T t/ min Xre() Xvg) Xre(2) Mg
1. 0 0.00450 0.9807 0.0174 0.9769
2. 600 0.00420 0.9804 0.0176 0.9771
3. 1920 0.00380 0.9801 0.0179 0.9774
4, 3720 0.00361 0.9798 0.0183 0.9778
5. 6000 0.00335 0.9795 0.0185 0.9780
6. 11760 0.00281 0.9790 0.0191 0.9786
7. 20300 0.00261 0.9788 0.0193 0.9788
8. 29700 0.00233 0.9785 0.0195 0.9790
9. 48165 0.00232 0.9785 0.0195 0.9790

41 HEII IR Koo (BR7: ARABR P B, S AI L BFHIE).

4-2 1R R IE | 30 fs S PR R A3 ) K R Kg s ARBEIE T S R AR A T A 5 J T S R 2R AR,
I 30 NE ARy ) 5 o A LA B A T B R By BRIELE . B Ko 5 kg A kg R AR 3K
4-3 R R AR IGH BU i (BR: RASS 1~4 FIEGEET A, 115 kM ke (915

BaR: 1) TH Mg™ 69 B R HAEMALA % #, TR 0.9780;
2) BHpRHEF K
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B5H (10 4) FHREHWHZRBRANAS
il i £ e R (A) M I R (B) T LU IR Rl &, T N THEAL . A4, B 5.1 45 L
HaRBEASIAFETT RS R ER, WEIEANTT R, S 2%a = 540.9 pm, ¢ = 430.0 pm.

B 5.1 KA S BB S RIS [R5 [ B R S R G, RERCR A TR, /NERCH B IR 7, Rl R RS L. )
(@) ffE; (b) W c mmHE; () AR BIRGHFIZ(LZ); (d) &#th B JRFAHRME (L, 2)

5-1 HH &4 AR

5-2 AR A MR AL S ERT A B R RIS

(HEF&K: sk ARDEBI K 2R, BB a3 k; ataRE, &8 bADE K, )

5-3 HE[E—JZ N B IR iR B A SR A B 5B R (AL pm) .

5-4 ZEaA RIFMMErERE. PHRRIL, SUETH) S N E (G sibrii B S AR E, H

HEXRF) « LLEFRIEZEERFO0EN HR), LEFR=MEHr0HR 5—F02HN H).

5-4-1 5 s R P RR SR+ He A1 He (3H -

5-4-2 Kok (BRI D BUR HY BIFRE i T i AT, R L Eh & EEFIEE AL E S RS

G M L ZHEETFIRHASEA T MEdE— 2% D HIEaEm s =M F0 GeN L)

MIFLARIT ) Ly 29 D A 88 AT N R = MG QRN Loy) o SRR IR Ly Loyl Loa 33047 &

RS . 5 RS, B D AN A FB RN E .
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F6E (9 &8 M KRHEEML

6-1 &8 M AEERELS 1, 3, 5-¥PK =R (5N HBTC, 7 FEA) %45 LT 4 ZFERUK IR
HRRFT 180 °C F =M 12 /hif, 13E|I—FBA “FLE—FLIE” SHNESR AT RZMELY, ZEp=
0.96 g em™. Bk X BHRATH RN, Y BT iR, =g g stk M AIBTC) 4, &
B, Sl aKs . LRESNEN, YHFEM, C, OFMHUMITER, HME CWETHHR
1:6. AE-FHEECS M B E R, FEAAE 100~200 °C [X ]2 8.21%, % T2 3 AN K411
JiRg, T AR AR LE R AR, kSR nFAE] 350 °C 2K 63.7 %, ZJa LW EAE, Rl NEBELY)
MO. I THEHIA M 2 E)E, SH Y Bk

6-2 K&E M I B 2 & BRI T, A ZIRIA BBV A LR, 2 5 A BT NIk E BT B
KA AR IS EEK R A, SRS, SR BN SO, ZRIRNE, AR A EYTE C (RBL 1.
JLRHTEER, N ¥ 8.65%, S & 19.6 %, H & 2.49 %. MR/ KI, CHEHTHE T2 =AM
HETE, R SR PUVE . C 528 HSO RE I, mIAERGEIIH RE M (REL 2).

6-2-1 5 A, B, C ifk2eat.

6-2-2 S HRM 1 FIRBL 2 2.
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F 7/ (184 HESFHEAIEA

—AMER AT R o, AMUEA iR EE A A, /N riE e s R E
BVER - M FE L & NO 5 & B AIBCAL/E . 1/EATCAE, BEZE A RO 5 1525 T RE S AR TR,
NO R FHE F(NO"). 4T (NO) I F-(NO") AL A Ak =X
7-1 fE @A NO JERHIBC &) (M-NO) f, A IHEIRAEX 70 i FAEH L& JE M AT NO Bifk L7 ic
RO, FET G, @ HE R Feltham-Enemark it 5 REFE RN . %R R ITEN: {M(NO)Y, Hr x A NO
BCRIECH, y N LEE M B d B FERIATE NO Bk M) S BEPLE > 1B P43 1, HAhE AR A
WIS F, HEFTIrHEEAWRER . TS H TN M-NO &Y (a 1 b)) S HX R
Feltham-Enemark(F-E)ic. 5 .

A -1 NO
P i ' o \ /‘ﬂ
NG, | wON e N i SN ey

Mn N—Fe—N N 1

et | e o il ]@ P <M
CN ipr MO ipy N

(d)
(a) (b) (c)
F-Eil S {MnNO}*° {Fe(NO),}° = ] 2% = [a)

7-1-1 S NO 4 FHERIER (HEEMZHET). SH NO'. NO F1 NO 55K .
7-1-2 5 i (c)AI(d) P E &1 Feltham-Enemark ic 573K

7-2 M-NO KA E A TT LR AR A8 S5 i S o 2019 4R, BF 97 2 F —Fh = A 2% < =ik (H TIMENM®S
TN FeP TR S A (L TFED, A £ ZI5(CHCN)EW 5 NOBF, B, 183 —Fh &4 NO 7N
BRI A 7 B, B At EIE LK) T. £ B MAIEERF, AR Zn ky, s, 4B
FIMAY C, CHATHERDT. HENERY, B DhilitE, C AN 3.84 -

g}. E:ZN QN f}_] 2
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TIMENMes EEYA

7-2-1 5H B b,
7-2-2 H B B &R E TR (R NIEZ AR fEH T d #0E B 1HEm .
7-2-3 5 C HHE T R4k 2= 20 A0 B 1) Feltham-Enemark ic%5 .

7-3 fil, BFAERE T MR ZREL ST P, P 5 NO RNAREAEY Q, Q /KA LM
TR, H, Fe—N-O %tk 1445°, H N-O B8 e L TR/

HaG fg‘,Ph HG NO Egi,Ph
(—,II,F «O |\o NO C—TMF v”.,‘mo 0
N | 0-SiL, — N | ~O-Si.
HyC~ k\/l 7" ~Ph Hae N\ 7 ~Ph
N, Ph k/ . Ph
CHs CH,
P Q

7-3-1 S A T - NO Sk 2 78 [E] 44 NaNO, Fll FeSO4 VA4 I N IR BRI 1) £ 11 . B W RS i FE K o
7-3-2 RIS HE A P A Q HERFIEME, R Q R SERE FELALAT NO K H B2 A B AL .
7-3-3 Q 7E T8 1 THF W a7 AE — el ] . {H THE 157K, Q 52 Bafh )l 7 RIRE M H NoO. 5 H
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ST REAR——A P R BMIALE Q, HFsath Q 1115 NoO JRCH X B At o

7-3-4TEY P 5 0, F —-80°C MNAXZALEY R, ¥ R FIEHBUNAZE 23 °C 13 O JR-FHr Ik 1) XSU% 8k
BCAY) Se #71E-196 °C NF R HIARIEHOEIR, 18— BB EY T, T AP SUT 22K LR
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B8 (10 4r) KIELLF9ca0 s B, [0l %4 55 0] R .
PR LB 1 CuClicod): filEfb FRAE R, BXBGESFME R 2, g 2a #12b
AILL il 98:2, ™49 2a AR LR AN, KRG EE N 74:26. .

~ CF] Fﬁc
\/U/ Fe s o
H . o \"U -;N'
n -
o™ [CuCl(cod)]; 0 NNF
| CHCN, 70°C, 14h  Ph, -/ * 7 N\
- d ’ g il 3
1 m 2a “» OMe
" OMe A
OMe

LA ERMNERS CuDES T, EEXELRRN, FEEEEE. .
A= P(2)-2a WTLATEIR S Cu(DZ 5T, £ 100°C T ¥4 N(E)-2a RI(E)-2b. #Rifu, {F
FEIFERMET, (E)-2a WERFAE, A5 N(2)-2a. .
FiC Fo_ e oh )
>:\ {Q /\T }ﬂﬁ,ﬁ

N/ - NN
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AHTCA LSS, BB,
8-1 Ao § bR 2a it FRERHECER ALk,
8-2 NLI=(2)-2a FHILN(E)-2a. FERR(E)-2b AU R (LB P )k, .
8-3 TEMMRKMET, ARERHA2)-2a T RN(E)-2a, Ti(E)-2a AHEFE L I(2)-2a:
8-4 7ERGMWALIED, RIER TR, EMTHSh, B AR O 3. i AR
fL&9 3 MyXaeh AR : Sl E R0 ER ). .
Ph o Ph

=
\\ I
1%), 120 © +N
CuBr (20 mol%). 120°C o 4 \/\(N
0 X o o

N | (20 moi%]E j | Me

M 2 Ph
Ph” "Me N™ 'NH, o Ph™ "Me 3

WM (127)) &2 1 AR 53% UM AR R LA AT HILAL S op O BBk R i 2 —
9-1 i i R RSP )i, FERERRIE B S .

COOME
COOMe

coom
N ci NH cl Cr cl
NH =
l Br,. EtNBr, DCM, =78 °C @ Q

o N -
' 92%

66 : 34
9-2 i it T IR ARG BR PRl A, ARER S5 L ) X HGE R A SL R FR A . (i-zm: PhI(QAC):
PR, A RASBGE [ B {AIOH).

‘BuOCI (2 equiv), H;0O (5 equiv) OH

CH,COCHj3, =15 °C - pp BMIDA)
91% (dr = 14:1) -

. _B(MIDA) ‘w2 N |
PR : o 1 :
) IBIMIDA) =% o2h. O |
PhI(OAC),(1 equiv), I, (1 equiv)  OH b 9o
HzO (5 equiv), CH;COCHs,t ' smipay

. Ph)\,awmm

69% (dr > 20:1) l- (£)-3



108 (114) W FAR, 13- R AR RS e S & 0 T R AEL3-H PR, H%Whanonﬁ?-%
LM, RN AN & PR EY), AT %2 —(ERARL

0SO,R

A IL(S 2, B LAUF ) .
10-1 W FRFANLEY) G =R LT REH TG IR H, SHINHRILE LN

XKeghnmk. .
/\/(.\L CFacOOH /\/Ell
Z .
(2)H .

102 I FHIRRE, 76 EMIEIRT, & IF[4.2.0)H% 520 N 0T LI 58 51 4 KUF(6.4.0)
BB A, HEE B BB R I —-6-45-1-8. @it A B,
F OB (LR A B9 B k.

OTMS
Br 1. LiAIH,
el n-Bu3SnH A ) 2. MsCl, EtJN
T an - C|5H25°2SI
o AIBN 3 BugNF
H
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