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+,-./0123452- /01234,5&4167%/012167.89%,6721:&2;5(%<:;%340-=4-0.,>%%?;0'-6,-

HCOH(% @;0',6721:&2% A86% /;6-B1.% C(% !(% +-4610;58'% 5% DEFG :(% /0&% /;/84=1% 3&.41H,%

'14&61.:6&=;6>% /-41'% :&20;6&H,% '14&61.,I14,4,(% J% DEKE% :(% C(% ";?',.% /;6-B&6%

?;0',6721:&2% /0&% /0;/-3=,.&&% 3'13&% /,0;5% '14,.;6,% 3 5;H2-9;'% B101H% .,=,61..-L%

/6,4&.;5-L% 3/&0,67% &% &21.4&?&I&0;5,6% 1:;(% *4;4% /0&1'% A86% /;6;M1.% 5% ;3.;5-%

3;501'1..89%'14;2;5%/0;&H5;2345,%?;0',6721:&2,(

J%.,34;>N11%501'>%'&0;5;1%/0;&H5;2345;%?;0',6721:&2,%3;34,56>14%/0&'10.;%F%

'6.%4;..%5%:;2(%#;5,0.8O%?;0',6721:&2%P?;0',6&.Q%3;210M&4%RF%S%?;0',6721:&2,%&%E%S%

'14,.;6,(%T;501'1..81%3/;3;A8%/;6-B1.&>%?;0',6721:&2,U

1) G155")&1@4%&0%, 1(50$1@, #?4%+1$)(% T&.41H% '14,.;6,% &H% ;=3&2,% -:610;2,% &%

5;2;0;2,% /;2% 2,561.&1'% /0;9;2&4% B101H% 34,2&L% ;A0,H;5,.&>% ?;0',6721:&2,V% =;4;08O%

H,41'%/0150,N,143>%5%'14,.;6%/0&%:&20;:1.&H,I&&%&6&%/;%01,=I&&%W,..&I,00;(

2) L+10.@1$5"@1, *1+6)4E$%?0$), 0., #?4%@1$1+1$&/M, ?).1@; X0;I133% ;3.;5,.% .,%

01:-6&0-1';O% 01,=I&&% ;=&361.&>% -:615;2;0;2.;:;% :,H,% 5;H2-9;'% &6&% =&36;0;2;'(% *4,%

01,=I&>%;34,.,56&5,143> /;3012345;'%01H=;:;%;96,M21.&>%;49;2>N&9%01,=I&;..89%:,H;5%

&% /;3612-LN1O% =;.21.3,I&1O% /0;2-=4;5% 01,=I&&(% X;6-B,LN&O3>% 0,345;0% /;2510:,L4%

;B&34=1%3%I167L%582161.&>%?;0',6721:&2,%&H%3'13&(



 

 

3) L+10.@1$5"@1, *1+6)4E$%?0$), 0., 6%")&14);, !14;2% >56>143>% :6,5.8'%

/0;'8Y61..8'%3/;3;A;'%/;6-B1.&>%?;0',6721:&2,%&%H,=6LB,143>%5%/0;/-3=,.&&%3'13&%

'14,.;6,% &% 5;H2-9,% .,2% .,:0148'% =,4,6&H,4;0;'(% X0;I133% ;3-N13456>143>% 25-'>%

3/;3;A,'&U%

,Q =,4,6&H,4;08 - 3101A0;%PAgQ%&6&%'127%PCu): 

ZT)3[)\%[2 = 2HCOH + 2H2O;

AQ% =,4,6&H,4;08% - ;=3&28% % PFe2O3 &6&% MoO3)(% $34,.;561.;V% B4;% ]4,% 01,=I&>%

/0;9;2&4% 5% =&.14&B13=;O%;A6,34&%26>% 2;5121.&>%=;.5103&&%'14,.;6,%2;% GE%%(% ^1,=I&L%

.1;A9;2&';% /0;5;2&47% 5% &HA84=1% =&36;0;2,V% &.,B1% =,4,6&H,4;0% A8340;% 5;334,.;5&43>(%

G)N&%DO)B, 151P%&&15"E, 214#C%&0B, *1+6)4E$%?0$), &), 1(50$&/M, ()")40.)"1+)M, –

3;A6L21.&1% 3;;4.;Y1.&>% 01,:1.4;5% &% 5;H2-9,% .&M1% .&M.1:;% /01216,% 5H085,1';34&V% ,%

&'1..;% /0&% 3;210M,.&&% '14,.;6,% 5% 3'13&% .1% 58Y1% _% %(% X0&'1.1.&1% ;=3&2.;:;%

=,4,6&H,4;0,%/;H5;6>14%/;6-B&47%?;0',6&.%3% 3;210M,.&1'%'14,.;6,%.1%58Y1%` VK %S%&%3%

.&H=&'%3;210M,.&1'%'-0,57&.;O%=&36;48%PHCOOH)- '1.11%`V`Z%S(%

aQ% @;0',6721:&2% /;6-B,L4% 4,=M1% /;% 01,=I&&% 21:&20&0;5,.&&>% '14,.;6,% 5%

/0&3-4345&&%'12&U%

T)3[)%b)T[)%\%%H2c(

5) Q%41C&1D, ?0$+140., $0?)41?%&)4()&1@, 5, $@#6B, )"16)60, ?)41?%&), # 2%+@1?1,

#?4%+1$&1?1,)"16)F

CH2Cl2 + H2O = )T[)%\%%ZHCl.

@;0',6721:&2% - ]4;% A13I514.8O% :,H% 3% 01H=&'V% -2-Y6&58'% H,/,9;'(% X;0;:%

5;3/0&>4&>% H,/,9,% ?;0',6721:&2,% 3;34,56>14% `VER% /0;'&661(% [.% % 9;0;Y;% 0,345;0&'% 5%

5;21% /0&% =;'.,4.;O% 41'/10,4-01(% $2167.8O 513U% DV`ER% )d'
3
(% X6;4.;347U% DV`R% :d3'

3
.

#1'/10,4-0,%53/8Y=&U%DFa °C (310 °eQ(%#1'/10,4-0,%3,';5;3/6,'1.1.&>U%aGG%fg%PGRZ%feQ(%

h&348O% ?;0',6721:&2% ';M14% .,9;2&473>% 5% 40i9% 3;34;>.&>9% – 45i02;'V% M&2=;'% &6&%

:,H;;A0,H.;'( @;0',6721:&2% 5% 0,H.89% ,:01:,4.89% 3;34;>.&>9% 3-N1345-14% 5% 5&21%

.13=;67=&9% ';2&?&=,I&OV% 0,H6&B,LN&93> /;% 9&'&B13=&' &% /;% ?&H&B13=&'% 35;O345,'(%

#5i02;'-% 3;34;>.&L% 3;;4514345-L4% /;6&?;0',6721:&2% &% I&=6&B13=&1% ;6&:;'108%

P40&;=3,.V%4140,;=3,.Q. J%/,0,9%?;0',6721:&2%.,9;2&43>%5%;3.;5.;'%5%5&21%I&=6&B13=&9%

;6&:;'10;5%&%';.;'10,(%

j&'&B13=,>% ,=4&5.;347% ?;0',6721:&2,% 583;=,V% B4;% /;24510M2,L4% /0&5121..81%

.&M1%-0,5.1.&>%01,=I&O(

D(^1,=I&&%/0&3;12&.1.&>U



 

 

- )T[)%\%)2 = CH3 OH P:&20&0;5,.&1%/0;41=,14%/0&%%.,:015,.&&%5%/0&3-4345&&%

Ni-=,4,6&H,4;0,Q

- HCOH + NaHSO3 = HCH(OH)SO3Na P/0&3;12&.1.&1%:&20;3-67?&4,%.,40&>Q

- HCOH + HCN = HCH(OH)CN (/0&3;12&.1.&1%3&.&67.;O =&36;48 26>%

-26&.1.&>%-:610;2.;O%I1/&Q

- HCOH + H2O = HC(OH)H(OH) (:&20,4,I&>)

- /0&3;12&.1.&1% 01,=4&5,% "0&.7>0,% % PR-MgX). T5>H7% T-Mg >56>143>% % 3&67.;%

/;6>0.;O%H,%3B14%3'1N1.&>%]61=40;..;O%/6;4.;34& =%A;611%]61=40;;40&I,4167.;'-%,4;'-%

-:610;2,(% X;]4;'-% /0&% 0,H0851% 35>H&% R-Mg ;A0,H-143>% =,0A,.&;.(% X0&3;12&.1.&1%

,6=&6',:.&O:,6;:1.&2;5%=%?;0',6721:&2-%/0&5;2&4%=%;A0,H;5,.&L%/105&B.89%3/&04;5U

2. ^1,=I&&%;=&361.&>:                                                                                                                            

-)T[)%\%ZkAg(NH3)2]OH = )T[ONH4 + 2Agl%\%RNH3c%\%H2O

P^1,=I&>%m3101A0>.;:;%H10=,6,nQ                                                                                                                              

-)T[)%\%ZCu(OH)Z35( =)T[O)%\%ZCuOHl (Cu2Ol%\%H2O) + H2O P^1,=I&>%

mT514;?;0nQ%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%

-)T[)%\%[2 b%T[2 + H2O P:;01.&1Q

R(%^1,=I&&%/;6&'10&H,I&&%?;0',6721:&2,%&3/;67H-L4%26>%&H:;4;561.&>%5;6;=;.V%

/61.;=(%X;6&'10&H,I&>%?;0',6721:&2,%P6&.1O.,>%&%I&=6&B13=,>Q%/0;&39;2&4%H,%3B14%

0,H085,%o-35>H&U                               

,Q%p&.1O.,> /;6&'10&H,I&>%/0&5;2&4%=%;A0,H;5,.&L%/,0,?;0',: nHCOH =

[CH2O]n &6&%/;6&?,0',6721:&2,U nHCOH = [-CH2-O-]n P/0&%&3/;67H;5,.&&%

=,0A;.&6,%M161H,%Fe(CO)5);

AQ%/;%01,=I&&%%I&=6&B13=;O%/;6&'10&H,I&&%P40&'10&H,I&>Q%/;6-B,L4%40&;=3,.



 

 

a(%J 01,=I&>9%/;6&=;.21.3,I&&%3%-B,34&1'%?;0',6721:&2,%;A0,H-L43>%

583;=;';61=-6>0.81%/0;2-=48%- ?1.;6?;0',6721:&2.81%3';68U

 

 J% ;=0-M,LN-L% 3012-% ?;0',6721:&2% /;34-/,14% 5% 01H-674,41% 58A0;3;5%

/012/0&>4&OV% /0;&H5;2>N&9% -:615;2;0;28V% ,% 4,=M1% &H-H,% 0,A;4% 34,I&;.,0.89% &%

';A&67.89%&34;B.&=;5 35>H&(%@;0',6721:&2%;A-36,56&5,14%E`%S%3-'',0.;:;%H,:0>H.1.&>%

5;H2-9,(% J% 5;2.-L% 3012-%?;0',6721:&2% /;/,2,14 5% 01H-674,41% 3A0;3,% =;''-.,67.89% &%

/0;'8Y61..89%34;B.89%5;2V%,%4,=M1%5%/0;I1331%58'85,.&>%1:;%&H%,4';3?10.;:;%5;H2-9,( 

@;.;581% =;.I1.40,I&&% 3;34,56>L4% .13=;67=;% '=:d'
3
V% 5% :;0;23=;'% 5;H2-91% 2;34&:,L4%

516&B&.% `V``F-`V`D% ':d'
3;
5A6&H&% /0;'8Y61..89% &34;B.&=;5% – 58Y1(% !&:0,I&>%

?;0',6721:&2,% 5% ;=0-M,LN1O% 30121% 35>H,.,% 3% 58'85,.&1'% 1:;% &H% 5;H2-9,% 2;M2158'&%

5;2,'&(% J% 5;2.;O% 30121% ?;0',6721:&2% /;2510:,143>% A&;21:0,2,I&&V% ;A-36;561..;O%

21O345&1'%0>2,%A,=410&O(%J%3410&67.;O%5;21%?;0',6721:&2%.1%0,H6,:,143>(%J%:;0;23=-L%

3012-% ?;0',6721:&2% 4,=M1% /;/,214% 5'1341% 3% 5896;/.8'&% :,H,'&% 0,A;4,LN&9%

,54;';A&67.89% 25&:,4161O(% % % X;'&';% ,54;40,.3/;04,% 1:;% &34;B.&=;'% >56>L43>%

21015;;A0,A,485,LN&1% /012/0&>4&>V% ,54;H,5;28V% 9&'&B13=&1% &% =;M151..81%

/0;&H5;2345,(

@;0',6721:&2% ;=,H85,14% ;AN11% 4;=3&B13=;1% 21O345&1(% J8H85,14% /;0,M1.&1%

61:=&9V% I1.40,67.;O% .105.;O% 3&341'8V% /1B1.&V% /;B1=V% ;0:,.;5% H01.&> ;/,31.% /0&%

/;/,2,.&&% .,% =;M-V 36&H&3481(% @;0',6721:&2% ;A6,2,14% ,6610:1..8'V% '-4,:1..8'V%

31.3&A&6&H&0-LN&'V%=,.I10;:1..8'%21O345&1'(%[3.;5.;O%/-47%/;34-/61.&>%5%;0:,.&H'%

- &.:,6>I&;..8O(% W-01.&1% - 2;/;6.&4167.8O% &34;B.&=(% X;34-/61.&1% 3% 5;2;O% -

/01.1A01M&';% ',6;(% q,..;1% 3;12&.1.&1% ;4.;3>4% =;% Z% =6,33-% ;/,3.;34&(% X012167.;%

2;/-34&'81%=;.I1.40,I&&% PXqWQ%?;0',6721:&2,%5%,4';3?101%5;H2-9,%.,3161..89%'134U%

3012.13-4;B.,>- `V``R% ':/'
3
V% ',=3&',67.,>% 0,H;5,>- `V`RF% ':/'

3
V% 5% 5;H2-Y.;O% 30121%

/;'1N1.&O- `V`D% ':/'
3
V% 5% /&4715;O% 5;21% – 0,02-D`% ':/2'

3
V% ,% 5% 5;21% 5;2.89% ;Ar1=4;5%

9;H>O3451..;-/&4715;:;%&%=-674-0.;-A84;5;:;%.,H.,B1.&>%- `V`F%':/2'
3
.

X0&'1.>L4% ?;0',6721:&2% /0&% &H:;4;561.&&% /6,34',33% &% 201513.;340-M1B.89%

',410&,6;5(%J%.&9%?1.;6;?;0',6721:&2.,>%3';6,%3;34,56>14%K-DE%S%;4%',338%340-M1=%-

]4;% -21Y156>14% '1A167V% .;% /;58Y,14% -0;51.7% ?;0',6721:&2,% 5% ;=0-M,LN1O% 30121( 

@;0',6721:&2% Y&0;=;% /0&'1.>143>% 5% '12&=;-A&;6;:&B13=&9% &33612;5,.&>9, 5% =,B13451%



 

 

=;.3105,.4,%5%=;6&B13451%2;%`VD S%5%3;34,51%=;3'14&B13=&9%3012345V%/012.,H.,B1..89%26>%

:&:&1.8% /;6;34&% 04,V% &% 2;% `VZ S% 5% /0;B&9% =;3'14&B13=&9% /01/,0,4,9(% ^,345;0%

?;0',6721:&2,% P?;0',6&.Q% /012;450,N,14% 0,H6;M1.&1V /;]4;'-% ;.% &3/;67H-143>% 5%

=,B13451% A,67H,'&0-LN1:;% 3012345,% 26> 26&4167.;:;% 90,.1.&>% A&;6;:&B13=&9%

/01/,0,4;5(% T.&H&47% 5;H21O345&1% ?;0',6721:&2,% 36;M.;% &H-H,% 583;=;4;=3&B.89% 1:;%

'14,A;6&4;5(% % ),2;% 34,0,473>% &HA1:,47% ,54;';A&67.89% /0;A;=V% H,34;O.89%

.1/0;5140&5,1'89% H;.V% 0,O;.;5% 0,H'1N1.&>% /012/0&>4&O% 3% ?;0',6721:&23;210M,N&'&%

58A0;3,'&V% 58A&0,47% A1H;/,3.81% ;4216;B.81% ',410&,68(% s3/;67H;5,.&1% % .1=;4;089%

=;'.,4.89% 0,341.&O% P/,/;0;4.&=V% 90&H,.41',V% 20,I1.,V% ?&=-3Q% 3.&M,14% 3;210M,.&>%

?;0',6721:&2,%5%H,=08489%/;'1N1.&>9(%

q6>% =,B13451..;:;% ;/012161.&>% ?;0',6721:&2,% &3/;67H-L4% 3612-LN&1%%

01,=I&&U%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%

1)  +%)(H0B, 5, +%.1+H0&16, @, R%41C&1D, 5+%$%(% h-5345&4167.;347% 01,=I&&% `V`R% '=:%

?;0',6721:&2,% 5% /0;A1(% % *4,% 01,=I&&% &'114% 4;67=;% ;40&I,4167.;1% H.,B1.&1% &H-H,% .1%

3/1I&?&B.;34&% 26>%?;0',6721:&2,(% +16=;581% 51N1345,% &% /0;2-=48% &9% 0,3/,2,% '1Y,L4%

01,=I&&V%/;]4;'-%11%.167H>%/0&5;2&47%3%M&2=;347LV%=;4;0;O%H,6&48%5.-401..&1%;0:,.8%

40-/,V%.1%/;2510:.-5%;Ar1=4%/0125,0&4167.;O%2&34&66>I&&%3%5;2>.8'%/,0;'(%

2)  +%)(H0B, 5, (1$%0&16, 040, 61+*0&16(% h-5345&4167.;347% 01,=I&&% `V`Z% '=:%

?;0',6721:&2,%5%/0;A1(%%%X0;A-%3'1Y&5,L4%3%/>4&=0,4.8'%;Ar1';'%=;.I1.40&0;5,..;O%

310.;O%=&36;48(%X;361%;96,M21.&>%3'13&%5.;3>4%`V`Z%:%=;21&.,V%B101H%.13=;67=;%'&.-4%

/;>56>143>% =0,3.;1% &6&% 3&.1-?&;614;5;1% ;=0,Y&5,.&1% – /0&H.,=% 3;210M,.&>% 5% /0;A1%

?;0',6721:&2,(

3)  +%)(H0B, 5, *#(50&15%+&05"1D, (0541"1D(% h-5345&4167.;347% 01,=I&&% `V`R% '=:%

?;0',6721:&2,%5%/0;A1(%%q;A,561.&1%%Z-R%=,/167%=;.I1.40&0;5,..;O%310.;O%&6&%3;6>.;O%

=&36;48% &% 0,345;0,% ?-=3&.;310.&34;O% =&36;48% 58>56>L4% .,6&B&1% ?;0',6721:&2,% /;%

/;>561.&L%3&.1-?&;614;5;:;%;=0,Y&5,.&>(%%%%

4)  +%)(H0B, 5, M+161"+121@1D, (0541"1D (1,8-2&:&20;=3&.,?4,6&.;-3,6 

2&3-67?;=&36;4;OQ(%h-5345&4167.;347%01,=I&&%D%'=:%?;0',6721:&2,%5%/0;A1(% %X0&H.,=%-

=0,3.;-?&;614;5;1%;=0,Y&5,.&1%5%/0&3-4345&&%=;.I1.40&0;5,..;O%310.;O%=&36;48(



 

 

5) +%)(H0B, I5%+%P+B&1?1, .%+()4)n(% h-5345&4167.;347% 01,=I&&% - 3;481% 2;6&%

'&=0;:0,'',% ?;0',6721:&2,(% t,=6LB1.&1% ;% .,9;M21.&&% ?;0',6721:&2,% 5% &33612-1';'%

;A0,HI1%2,143>%/0&%-36;5&&%/;6;M&4167.89%01H-674,4;5%54;0;O%&%401471O%01,=I&O(%%%%%%%%%%%%%%%%%%%%%%%%%%%%%

T-N1345-14%.13=;67=;%'14;2;5%=;6&B13451..;:;%;/012161.&>%?;0',6721:&2,U%%%%%%%%%%%

DQ% 5% =0;5&% &% ';B1% '14;2;'% 583;=;]??1=4&5.;O% M&2=;34.;O% 90;',4;:0,?&&% 3%

&3/;67H;5,.&1'% $@% - 2141=4;0,(%!14;2&=,% ;3.;5,.,% .,% /1015;21% ?;0',6721:&2,% 5% ZVa-

2&.&40;?1.&6:&20,H;.% ?;0',6721:&2,V% =;.I1.40&0;5,.&&% /0;2-=4,% 210&5,4&H,I&&% &H%

A&;6;:&B13=;:;% ',410&,6,% ]=340,=I&1O% :1=3,.;'V% -/,0&5,.&&% :1=3,.;5;:;% ]=340,=4,V%

0,345;01.&&%-/,01..;:;%;34,4=,%5%,I14;.&40&61%&%,.,6&H1%.,%M&2=;34.;'%90;',4;:0,?1(

)&M.&O%/01216%&H'101.&>%5%;Ar1'1%/0;A8%- `V`F%'=:(

ZQ% '14;2% 012;=3&'140&&(% !14;2% ;3.;5,.% .,% ;=&361.&&% ?;0',6721:&2,% O;2;'% 5%

N16;B.;O% 30121V% ;/012161.&1% 512-4% % 5% .13=;67=;% 34,2&OV% ;44&40;585,>% &HA84;=%

.1/0;01,:&0;5,5Y1:;% O;2,% 0,345;0;'% 4&;3-67?,4,% .,40&>% 5% /0&3-4345&&% &.2&=,4;0,-

=0,9',6,U

I2+NaOH = HOI + NaI;                       
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