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Cathodic Hydrocoupling of Formaldehyde in Aqueous Solution

Hiroyuki WATANABE
Mitsutaka SAITO

The electrochemical coupling of formaldehyde in aqueous solution on a graphite cathode has been in-

vestigated under a variety of conditions. In alkaline media the products of the reaction were ethylene

glycol and 1, 2- propanediol, and the current efficiency for the ethylene glycol formation was as high as

83% under the optimum condition, that is, in aqueous potassium hydroxide at 50°C. In acid media no

ethylene glycol was formed.
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Table 1 Temperature effect on the constant current electrolysis of formaldehyde )
Temp. i Current Efficiencya ' Bath Voltage ‘l Ethylene glycol ! Propylene glycol ‘
°C ! of Formaldehyde ' initial final | Yield,g : Current Efficiency, % ! Yield, g [
- ; — I — S —— '_ - —_— it _— — i ——— i T ST ————— - ——
| i | [ | |
30 | 71 52 | 80 | 0.8 17 ; 0.1 ;
40 101 | 5.0 | 5.1 ‘ 2.1 46 ‘ 0.4
50 115 4.0 5.0 | 2.3 | 50 I 0.4
60 123 r| 4.0 4.0 ’ 2.2 48 I 0.3 (.
70 | 134 [ 4.1 4.5 2.2 48 1 0.2
90 149 | 3.9 4.0 2.4 52 | 0.04

Electrolysis conditions: Cell: undivided cell, Electrodes: Graphites.

Electrolyte: 25 m¢formalin (about 30%) containing 0.05mol sodium hydroxide.

Current density; 7.4A/dm?, Electrolicity: 14, 400C,

a) It was assumed that formaldehyde was reduced by one electron on the Cathode and oxided by two
electron on the anode.

Table 2 Supporting electrolyte effect on the constant current electrolysis of formaldehyde at 50°C

Supporting | Bath Voltage pH Current Efficiency ’ Ethylene glycol Propylene glycol
electrolyte | initial\i[ final | of Formaldehyde, % ! Ylgeld l Eff%ilgrnil;t’ % Yield, g
NaH,PO, 6.1 | 5.3 | 4——3 59 0.9 19 0.05
KH,PO, 8.6 7.0 4—||'-’3 79 0.5 11 0.03

LiCl 5.0 4.8 6——3 71 1.7 37 0.1

NaCl 4.0 3.5 6-‘-‘3 60 0.8 17 0.1

KCl 4.0 4.0 5—-|"—‘4 65 1.1 24 0.2
LiClO,4 4.2 4.0 5 —|—>2 47 0.2 = ‘)xa .
NaClO, 4.0 | 3.6 | 5——2 61 0.4 9 — g
KCIlO, 9.6 8.0 5——2 53 0.8 17 —
TsONa® 5.0 4.7 5——3 45 0.6 13 —
TsONEt* 7.0 6.5 5 -—I—"‘ 3 52 1.2 26 =
Na,HPO, 4.2 4.0 8 ——|—' 6 97 1.8 39 G.5
K,HPO, 3.1 5.4 8 —|—' 7 74 2.0 43 0.04
NaHCO, 7.0 | 5.0 9——’—+8 96 | 1.7 37 0.2
KHCO, 4.9 | 4.5 9—~|—>8 94 | 2.0 43 0.4
Na,CO, 5.0 6.5 12—||—’7 112 ‘ 2.1 46 0.3

K,CO, 4.0 4.8 12——9 103 1.8 39 0.3

LiOH 5.0 6.5 14—|— 9 87 1.5 33 0.06
NaOH 4.0 5.0 14——|—'3 | 115 | 2.3 50 0.4

KOH 4.0 | 4.0 1.1~!—» 8 | 120 | 3.8 83 ' 0.8

Electrolysis conditions were the same as Table 1 except that instead of 0.05mol sodium hydroxide 0.05
mol supporting electrolyte was used.
* TsONa: Sodium tosylate, TSONEt,: Tetraethylammonuim tosylate
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Fig.1 Temperature effect on the electrolysis of

formaldehyde
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Fig.2 Cyclic voltimmograms for formaldehyde solu-
tion (ca. 36%) containing 0.05 mol. pottasium
hydroxide on graphite electrode at a scan
rate of 20mV/s.:(a) at 30°C, (p)at 50°C, (c)at
70°C.
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Fig.3 Cyclic voltammograms for formaldehyde solu-
tion (ca. 36%) containing 0. 05 mol. supporting
electrolyte on graphite electrode at a scan rate
of 20 mV/sat 50°C : Supporting electrolyte (a)
LiOH, (b) NaOH, (¢) KOH.
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Fig. 4 Cyclic voltammograms for formaldehyde solution (ca. 36%) containing 0. 05 mol. supporting
electrolyte on graphite electrode at a scan rate of 20mV/s at 50°C.: Supporting electrolyte
(a) NaHgPo4, (b) NaCE, (c) NazHPO4; (d) NaHCOS: (e) NaZCOSL (f) NaOH'

17 )

——



98 R EEPIRHE 24k H25 (1980)

LIchDTHZN, WThOBERL, Fova1 279, 2
RAR ) 75 ARTELCETRD LRI - oy

e, AAAT AT FICERT 5 BTLROM by —
7h BB 5T, ThD 2, ORI ESE)
ARG T, RIGHEERE TSRS,

Fig. 413 pH OFEAR LI D THBHD, TDHBRE
b Nernst DX B TFHIh s KERTEM L — 70O ®
BLANDOBE S ZEDENIDLTH S,

KEERR O A 20 » 7 FEAK 2 b Y —DEERND
RALATAT e FO B LE Mk 1.8V (Ag/AgCl/
KC) BELEZbhDD, BED L AR\

S

4. #&

RN ATAT e NOBBNIGH B—tAh 7S5 T o A
FMEBAE R GTITI, RAATAF e FOBT 1L
ReF Vv 7Y o — A pVERET B KR O T R 4 B
TR T '

RIFHCAC 2 XRBEREOBEC L v, SERED K
Vo1, 257 RS- BN AEERT S D RR
Lo

=F v 7Y a - AOBMSRE, TREMEL LT
KEEALS V) o ad T b ERA TS IE LT,

CORIETE, ELWRESGE D Hh, 40°C L)
TT, A ATAT e FOBTEBILREEH bt
TLlIewhs, 40°C LA ETHELILS AL LT AF L K
DETEADETT D Z L AR LI,

¥io, ZHBRMEARY pH BBic 5T BE % 177k
Vv, pPHABWERL VAT LT v FOBTE BRI
EITLR T EER LT,

—fRC Yy P RO T T e YOBBRE T OB, @
HREH TR L CHEITL, 740 ) ROPEEEKRT
W, 73— ANORERIGHEE b Bk vbh T
57 RAATAFE FOBBET - BLRINKEDOWT
Tomilov 544 FIRIHERHEF 5, Livl, BES
DfFfcfE L Tomilov HORER L L WD EDOTHY |
AR = MEEHORTBLRIGE LT A 4
DTHDHo —H, TOXHSCERBBET BIKIEN7 L

PV EUETCESCHEITT LN, v A7 AF e Vi
DEGECHELFD LN TV BY,

DL, ANE=AD a KEREIG~Nv X
TNTHRLIZ TR LIzAL AT AT K37 490 Y
FHETTEBETBILREY BHC HETTD 2 bn
b, NUYATAT e FROAALAT AT e FOEBET
BOGE, a LIt KFRE L2747 e FRO Y b v ED
DEEDRIEHT 2L Rics b0 rLEZBNRD,

ORI, 777 -4 FEBUSAOAS, HEEBT
BRI LI = v v 2 ) 3 — v 4L B bt
M otls

W FEBREIT 5, BREHETREY FE o0
HIm KT AR EBIC G L ES

FKRETICH N S o AEPERT K s R~ 5
It L ET,

X [y

1) K. Vesely, R. Brdicka; Coll. Czech. Chem. Com-
mun., 12, 313(1947). R. Bieber, G. Triimpler;
Hely, Chim. Acta; 30, 706, 1109(1947).

2) H. Binder, A. Kohling, W. Kuhn, G. Sandstands;
Angew. Chem. Internat. Ed., 8, 757
V. 8. Bagotzkii, Y. B. Vasil’ ev; Electrochim. Acta,
9, 869(1964).

3) M. R.Rifi; Electrochemical reduction of Organic
Compounds, Technique of electroorganic synthesis
(N. L. Weinberg ed.), Part 11, John Wiley & Sons,
83(1975).

4) A. P. Tomilov, B. L. Klyuev, V. D. Nechepurnoi;
Zh. Obshch. Khim., 43, 2792(1973), C. A. 80, 7720d
(1974),

5) M. M. Baizer; J. Electrochem. Soc., 111, 215(1964).

6) M. M. Baizer, J. P.Petrovich; Progr. Phys. Org.
Chem., T, 189(1970).

7) M. R.Rifi, F. H. Covitz; Introduction to Organic
Electrochemistry, Marcel Dekker, Inc., N. Y.
(1974).

C18)

/@




