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I. )

. . 2NaHCO, + H,SO,( ) —> Na,SO, +
2CO, A +2H,0 1-6-8-11-16-(1-1-3-1) (2~
4-D

1. 1-6-8-11-16 NaH-
CO,  H,SO, 'H. °C. *0O, "Na, S
2. 1-1-3-1) 2-4-1
NaHCO, H,SO, .
( .
).  NaHCO, 'H
1.°C 1.0 3. 'Na 1.
(1-1-3-1).
3. NaHCO, 1-1-3-1 H,S0, 2-4-1
. NaHCO, 1. H,S0, 2,
. 1-1-3-1 2-4-1 (

s e ),

. KHCO, +
H,SO, —> 1-6-8-16-19-- NaHCO,+H,SO, 1-
6-8-11-16 \ NaHCO, +NaHSO, —> 1-6-8-

11-16-(1-1-3-D-1-4-1-1 NaHCO, +H, SO,
1-6-8-11-16-(1-1-3-1)-(2-4-1)



16-8-1-1D-2-1) CO+H,O( ———> 1-6-

8§ (1-D-(2-1-2) OH +HCOOH 1-6-8-(1-
D21 1-6-81-1D2-1-2 C 2-1
2°1-0),
N n, x ’ ’
C)7'1H71+H2()( )_> 176787(271)7
(n—m) 1-6-8-2-1)-(110-57-6) o
IT. ,
. NaOH .
C,H.Br+ 1,0 C, 1. OH - HBr 1
C,H.Br -+ NaOH( ) —2> C,H.OH - NaBr 2
C,H.Br+OH ( )-“»CH.OH | Br 3)
(3)

(Ca® +HCO;) +0OH () —>CaCO, y + H,0O
HCO); ( )+ (Ca*" +OH ) —> CaCO; ¥ + H,0
Ca(HCO,), NaOH .
NaHCO;  Ca(OH),( ) . .

Ca*" + HCO; +OH — CaCO, y + H,0

N HS()T . (Kzzl. 2><1072)7 )

b b

NaHCOS + NHHS()4 >, HC(): + H —



CO, 4 +H.0, )
N ( )

(2Fe*" +-4Br ) +mCl, —> 2Fe™ +-2mCl 4-2(3—m)Br +

(m —1)Br, 1/3 Br— , 4 2(m—
D=3:1, m=5/3, (6F¢" +12Br ) +5Cl, —6F&* " +
10CI” +8Br +2Br, , (6Fe*" +4Br )+ 5Cl, —>6Fe’ |
10CI+ 2Br, , .
. C. H
( ) D ° : CHii()H 7OH7
CH,CH,—OH N Ope (CH,),CHOH
>—OH.(CH,),C—OH +OH, (
) CH;. ( ) CH,.
( A« ) CH,
( /% . >: ’
A C ,
b b b b (
S 0
o ~CHO, — A o
O
N MHO: Crz 057 ’

b

1-6-8-25-(HD-@Q-1D-10-9
CH; COOH

5 +16MnO, +48 H' ( )——>5 +

CH=—CH, COOH
16Mn2++5(:()2 T +34HZ()
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H IJAIH_/; +CH; CH() —>7

1. H, O, C, Li, Al
1, 8, 6, 3, 13 ,
(1-3-6-8-13) 1. 3. 6. 8 13 o

2. (
g to00e ) L1A1H1(47171) )

, 4, 1, 1, ) ,
3. CH;CHOWM4-2-1D ,
’ 4, 2, 1, ’

, H,O2-1), , 2 1, 4-1-1,

LiAlH, +4CH,CHO + 4H,O —
4CH,CH,OH + LiOH vy + AI(OH); v



1=-3=-(D-=(D

1-3-(D-(D

oLit+ 2H' () —>2Li'+ H, A
1-3-(D-(2)

oLiC )4+ H, =Y ol
1-3-5-(1-1D-(6-2)

) (C,H:),0 )
B,Hs +2LiH——— 2LiBH,

1-3-5-9-13-(1-3)-U-1-D

3LIAIH, +4BFC  CDs
1-3-6-8-(1H)-4-1-D

2CH; (R)OH + 2Li— 2CH; OLi + H, 4
1-3-6-8-(2-D-(2-2)

I4i2C2 + ZI_IZ()—> 2141()H ¢ + C2 HQ T
1-3-6-8-(2-D-@27-1-13-D

[ (CH;);CJ;COLi+ H,O—> [(CH;);C]; COH + LiOH y
1-3-6-8-(9-1-4)-(18-9-1)

[(CH;);CJ,CO+ (CH;); CLi v [ (CH;),CJ;COLi
1-3-6-8-13-2-D-U4-1-D-4-2-D

LiAlH, +4CH;CHO+4H,0O —

4CH;CH,OH + LiOH y + AICOH); ¥

1-3-6-8-13-2-D-U-1-D-10-5-2)

(CH;3)3; CCOOH + LiAIH, + 3H, O BT

2B, Hs + 3LiF + 3AlF;

(CH,);CCH,OH -+ LiOH § + AICOH), § -+ 2H, A
92%
1-3-6-8-13-(2- D-(12-1-4-4-1)
+
[CH, (RO, LiAl - 4H,0 >
JCH,OH -+ LiOH y -+ AI(OH), §
1-3-6-8-13-(2-1)-(28-1-12-4-1)

[(CH.),CHOT, LiAl - 4H,0 >



1-3-6-8-13-2-D—-(@28-1-16—-4—-1

4(CH;),CHOH + LiOH y + AICOH); v
1-3-6-8-13-(2-D-(28-1-16-4-1

|
(CH,CH — CHCH,O), LiAl +4 H,0 >
JCH, CH — CHCH,OH + LIOH ¥ + AI(OHD,
1-3-6-8-13-(4-1-D-4-2-1

) , (C:H5)20
4CH; (R)CHO + LiAlIH,

(CH;CH,0),LiAl
1-3-6-8-13-4-1-D-(6-3-D

. (C:H3):0
4[CH; (R) ]J,CO + LiAlH,

[ (CH;),CHO], LiAl
1-3-6-8-13-4-1-D-(6-4-1
(C;H5):0

4CH;CH = CHCHO + LiAlH,
(CH;CH = CHCH, ), LiAl
1-3-6-8-17-29-(6-1-2-D-(9-5-1-D

2(CH;); CCOCl + (CH3),Culli— e
2(CH;);CCOCHj; + CuCl + LiCl
60%
1-3-6-8-20-(2-1-3)-(2-2-1
Li, CO; 4 Ca(OH), ( ) —> CaCO; ¥ + 2LiOH v
1-3-6-17-(H-(G-6-1

CsH:CIC  Br) +2Li
1-3-7-8-2-D-GB-D

Li;N+3H,O—> 3LIOH y + NH; 4
1-3-8-(L-Z-D

2Li ¢ ) +2H,O0C ) )
2LIOHY ¢ )+H, A ¢ )+398.1kJ
Li,O+2H" — 2Li"+ H,O
1-3-8-(1-D-(2-1
LiH+ H,O— LiOH y +H, 4
2

CsH; Li+ LiCl

( , )




1-3-8-1-1-D

1-3-8-(1-1-D

SLiOH ( ) %S 1,0C ) LHO( ) —85.3K)
1-3-8-(2-1)-(2-1)

1,0 ( ) -H,0( )—=2LiOH ( ) £85.3k]
1-3-8-(4-2-4)

. . 100°C ~129°C .
ng()z . 2 I{z()ﬁ> ZLI()Z + ZHZ ¢

9%
1-3-8-16-56-(2-2-1)-(2-4-1
Li,SO, + Ba(OH), — 2LiIOH y + BaSO;, v
1-3-13-17-(1-1D-(1-3)

. (C2H5),0 . .
4LiH 4 AICl; ————— LiAlH, + 3LiCl

1-4-(O-(D

Be+2H" () —>Be*" +H, 4
1-4-6-8-(DH-1-1-3

BeCO; 4+ 2H" — Be*" +-CO, » 4+ H,0
1-4-6-8-(1-1-3)-(1-2)-(2-1

BeCO; + CO; + H, O —— Be(HCO;),
1-4-6-8-(1-2)-(2-1-2)

2Be(OH); 4 CO, ( ) —> Be, (OH),CO; + H,0

Be(OH); + CO,( ) —> BeCO; + H, O
1-4-6-8-(2-D-@2-D

Be,C+4H,O—> 2Be(OH), 4+ CH, 4
1-4-7-9-8-1-2-4)

250°C
20, BeF, + 2NH, A L 2HF A

(NH,),BeF,
1-4-8-(DH-1-1

BeO+2H"™ — Be?" + H, 0O
1-4-8-(DH-(1-2)

BeOi +4H" ( ) — Be’" +2H,0

BeOi +2H" ( ) —> Be(OHD), v




1-4-8-(D-10=-2)-2=-D

1-4-8-(D-(1-2-(2- 1)

Be?' + BeO} -+ 2H, ) === 2Be(OH), |
1-4-8-(D-(2- 1)

Be+ H,O( )—> BeO+ H,
1-4-8-(-(2-1-2)

Be(OH), + 2H' —> Be*' - 2H,0
1-4-8-(1-D2-1-2

H,BeO, + 20H —> BeO} +2H,0[  Be(OH)? ]
1-4-8-11-(D-(1-1- 1D

Be + 2NaOH —> Na;BeO, + H, 4
1-4-8-11-(0-1-D-(2-1-2)

Be(OH), +2NaOH—> Na, BeO, - 2H,0[  Na, Be(OH), ]
1-4-8-17-(1-2-2- 1

BeCl, + H,0 BeO -+ 2HCI

’

+2H,0
BeCl, —ono Be(OHD, T BeO
1-5-6-8-(1-3)-3-1-3)

4H,BO; +COf — B,0F +CO, 4 +6H,0
1-5-6-8-(3-1-3)-(4-1-1)

H, SO, .
3CH,OH + H,BO; ———> (CH,0)3B+ 3H,0
1-5-6-8-(3-1-3)-(6-2-1)

H> SO, ]
3C,H;OH + H,BO;, ———> B(OC, H;); + 3H,0

1-5-6-8-(3-1-3)-(8-3-3)

CH,OH CH,O

| |
H,BO, + CHOH — CH()H/ BOH + 2H,0

| |
CH,OH CH,O

1-5-6-8-11-(1-2)-(1-2-1D-(2-1
4NaBO, ( ) -+ CO, + 10H,0 -
4

Na, CO; +



1-5-6-8-11-2-D-U-1-D-@-4-1D

Na,B,0; (OH), « 8H,O0 ( Na,B,0; « 10H,0)
1-5-6-8-11-(2-D-4-1-1D-(8-4-1
4C;H,;CHO + NaBH, + 2H,0—> 4C,H; OH + NaBO,
85%
4C,H;COCH; + NaBH, + 2H,0—
4C, H; CH(OH)CHj; + NaBO,
87%
1-5-6-11-19-(1)-(20-1-24-1)
K"+ NaB(CsH;), —> KB(CsH;), v + Na©
1-5-6-35-(1-1)-(9-1-3)

10. 3 pm

B(CH3); + HBr B(CH;).Br+ CH,

B(CH,), + 2HBr ——""» B(CH,)Br, - 2CH,
1-5-7-G-D-(6-2)

3B, H, + 6NH, — > 2B, N, H, - 12H,
1-5-7-8-(D-(1-1-3)

B ( ) £ 3HO - NO,( ) —2> B(OH), -+ 3NO, A
1-5-7-8-11-17-4-1-D)-U4-7-2)

Na,B,O, ()4 2NH,Cl () -5

2NaCl+ B, O; +2BN +4H,O

1-5-7-8-11-19-(H-1-1-1H)-(1-3-1)

2B + 2NaOH - 3KNO, —> 2NaBO, + 3KNO, -+ 1,0
1-5-8-(H)-1-D-2-1

9B+ 20H + 6H,0— 2[B(OH), |+ 3H, A
1-5-8-(-(2- 1

2B ( ) +6H,O () —>2B(OH); +3H, 4
1-5-8-1-1-2)
§ 140°C ~ 160°C ) i
4HBO, H,B,0; + H,O

1-5-8-(2)-(6-2)
Bsz( )+302( )—>



1-5-8-2-D-2-3)

B,0,( ) +3H,0 ( ) +2165Kk
1-5-8-(2-1)-(2-3)
B,0, - H,0 ( ) —>2HBO,( )
B,O, +3H,0 () —> 2H,BO,( )
1-5-8-(2-1-(3-1-3)
H,BO, (1 2)H,0—
[HO > B(OH), T+ H' ( H,0")
1-5-8-(2-D-(4-1)
BH; +2H,0—> BO, +4H, A
1-5-8(2 1D(G-2
B,H,( )+ 6HOH ( )—>
2H;BO,C )y +6H,( ) +418k]
1-5-8-(2-4-7)
H,B.0, = 2B,0, + H,0
1-5-8-(3-1-3)
H,80, ~2“ HBO, 4+ H,0
9H,BO, —2> B,O, + 3H,0

4H; BO; T 4HBO, ———— H2B1()7 ZBZQ;

1-5-8-9-(1-3)-2-D

4BF; ( ) +3H,O— 3HBF, + B(OH);
1-5-8-9-11-0-D-4-7-2)

Na,B,O; + 12HF — Na, O(BF;), +6H,0
1-5-8-9-11-16-(2-4-1)-4-1-12-2)

Na, O(BF;), + 2H,SO, — 4BF; + 2NaHSO, + H,O
1-5-8-11-(H-A-1-D-2Z-D

2B+ 2NaOH + 2H, O —> 2NaBO, + 3H, 4
1-5-8-11-(1-1-1D-B-1-3)

H;BO; + NaOH — NaBO, +2H,0

6



1-5-8-11-2-D-4-1-1

1-5-8-11-2-D-4-1-1)
NaBH, + 2H,O —> NaBO, + 4H, 4
1-5-8-11-(2-D)-4-7-2)

Na,B,O;( )+ 10H,0
NHQB,1()7 . 1OH2() I: NagB1()5(()H)1 . 8H2()]
1-5-8-11-(20-4-17-2)

] ]  A(380°C ~ 400°C) ] )
N82B405 (()H)J, . 8Hzo N82B4O7 +1OH20

1-5-8-11-12-(1-1-D-(@2-2-6-2)
Mg, B,0O; « H,O+2NaOH () —>
2NaBO, + 2Mg(OH), vy
1-5-8-11-16-2-D-@2-4-D-U-7-2)
Na, B, 05 ( ) +H, SO, ) +5H,0—
Na, SO, + 4H;BO;
1-5-8-12-16-(2-2-6-2)-(2-4-D
Mg, B, O; « H,O+ 2H,SO, —> 2MgSO, + 2B(OH);
1-5-8-17-(1-3)-(2-1D
BCl;, +3H,O—> B(OH); y + 3HCI 4
1-5-8-79-(D-1-D-4-1
3BH;, 4+ 8Au*" +240H — 3BO, +8Auy + 18H,O
1-5-9-11-1-3)-4-1-1)
3NaBH, + 4BF; — 3NaBF, + 2B, H;
1-56-17-(2)-(6-2)
B, H; + 6Cl, — 2BCl; + 6HCI
1-5-35-(1-3)-(2)
1200°C ~ 1400C

2BBr; )+ 3H, pa— 2BC ) +6HBr( )
1-6-(1H-(2)

. Ni,  (1200C), .

CC )+2H,C ) R ; CH,( )+74.8Kk]

2CC Y+H,( )—>CH=CH( )( = )—226.7k]

7



1-6-(2) -2

1850°C
2CC ) L2H,( ) CH,( )( —)—52.3k]
/\., Fe
ﬂC+(n+1)H2 CnHZn\Z
1-6-(2)-(2)
RC=CR' +H, RCH— CHR
1-6-(2)-(2-2)
Ni
Cz Hz + Hz( ) Cz Hq ( =)

’

CH,C )+H,C ) CH,C )+174.4k]

Pt Ni
CZHZ( )+2H2( ’ ) C2H6( )"‘311.41{]
, Pt Pd. , .
RCH = CHR' + H, E() RCH,CH,R
1-6-(2)-(4-2)
C.H, +H R on o
2 4 2 1500(: 2 6
/\,Ni

CGH,( )+ H,( )=——=CH;( )+137.0Kk]
1-6-(2)-(4-3)

CH; (R)C= CH+ 2H,( )

Ni jYAN

CH; (R)C = CH+ H;( )
CH;:CH=CH,  /\)
1-6-(2)-4-4

5%Pd—BaSO; ,
R—CH,C= CCH,—R' +H,( ) :

25°C, ~ 7% 101. 3 kPa
R—CH,CH=— CHCH,—R'

1-6-(2)-(6-3)

(Ni )
CH, = CHCH; (R) + H,

CHs ¢ )

7 COHHC ) > CH( )+ 15T 1K




1=-6-(2)=-(6-4)

1-6-(2)-(6-41

Ni CH3 CH=CHCH3 ( )
A , CH,—CHCH,CH,( )

Ni

CH, = CHCH=— CH; +2H( )

CH,C AN
1-6-(2)-(6-6)

() F3H,( ) oo
z 180°C ~ 250°C, (23 ~ 53) X 10° Pa

O ( )+208.4k]

1-6-(2)-(6-8)

Ni

CsH;C= CH+ 2H,( ) C;H;CH,CH,;
Ni
C5H5CECH+H2( ) CGHGCH=CH2
1-6-(2)-(8-4
Ni

CiHs ( 3 )+ H, CiHyo ( 2 )

CH;CH,CH=CH,( )+ H,( )—>
CH;CH,CH,CH;( )+ 127 k]

Ni
[J+H > CHo ¢ A

1-6-(2)-(8-5)
CH;

CH,—CH—C—CH, + H,( )~

T
N
CH,=CH—C—CH, + 2H;( ) ———>



