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Abstract:Aseriesofdoublemetalcyanide(DMC) complexesbasedonZna[ M(CN) b] c(M=Fe
2+, Cr3+, Ni2+, Co3+, Mn3+,

Mo4+, Cd2+ andFe3+ ) werepreparedandemployedascatalystsforcopolymerizationofpropyleneoxideandCO
2
toinvestigatethe

effectofcentralmetaloncatalyticperformance.Theresultsshowedthattheefficiencyofcatalystsandthecompositionofproductsvar-

iedsignificantlywithchangeofcentralmetal.TheDMCbasedonCo3+, Ni2+exhibitedhighestefficiencyamongthesecatalysts, which

was2000 and482 g/g, whereastheDMCbasedonCd2+, Mn3+nearlyexhibitednocatalyticactivitytowardscopolymerization.The

copolymerwithmolarfractionofCO
2
(x(CO

2
) )greaterthan0.3 couldbeobtainedwhenDMCbasedonCo3+, Ni2+, Fe3+wereem-

ployed, incontrastcopolymerswithlowx(CO2 ) (≤0.1)producedinmostcasesforothercatalysts.
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　　Theproductionofaliphaticpolycarbonatebythe
copolymerizationofcarbondioxideandepoxideshasre-
ceivedmuchattentionandanumberofcatalystswere
developedsinceInouediscoveredthecatalyticsystem
such asZnEt2-H2 O

[ 1-2]
. Doublemetalcyanide

(DMC) complexisakindofpotentialcatalyticsys-
tem

[ 3-5]
, inwhichZna[ M(CN) b] cisofmaincompo-

sition.However, theeffectofcentralmetaloncopoly-
merizationofepoxideandCO2 hasneverbeeninvesti-

gated.HereinDMC complexeswithCr
3+
, Ni

2 +
,

Mn
3+
, Mo

4+
, Cd

2+
, Co

3 +
, Fe

2+
andFe

3+
ascentral

metalwerepreparedandtheircatalyticperformancewas
examined.

1　Experiments

1.1　Materials
K3 [ Fe(CN) 6 ] andK4 [ Fe(CN) 6 ] wereanalyti-

calgradeandrecrystallizedbeforeuse.Otherpotassi-
um cyanometallatewerepreparedaccordingtopub-
lishedliteratures.CO2 ( >99.9%) wasusedasre-
ceivedandotherreagentswereanalyticalgrade.
1.2　Experimentsandmeasurement

Thepreparationofcatalystwasconductedasfol-
lows:10 mLofKa [ M (CN) b] csolution( 0.2mol/
L) wasaddeddropwiseinZnCl2 solution( 8gZnCl2 in

mixtureof30mLwaterand15mLtert-butylalcohol
(TBA) undervigorousstirringat35 ℃, theresulting
suspensionwasfilteredtoisolateprecipitateofDMC
catalyst.ThenitwaswashedwithTBAandwater(v/v
=1∶1 ) anddryforfurtheruse.Thecompositionof
catalystswasanalyzedbyHitachi180-50 atomicab-
sorptionspectrophotometerandFlashEA1112 elemen-
talanalyzer.themolarfractionofCO2 wascalculatedby
1
HNMR (AVANCEDMX500 ).

2　Resultsanddiscussion

ThereactionofpropyleneoxideandCO2 catalyzed

bythesecatalystsmayresultincopolymeraswellas
propylenecarbonate, abyproductviacouplingreac-
tion.Theresultsofcopolymerizationsofpropyleneox-
ide(PO) andCO2 (Table1) showedthattheefficien-
cyofcatalystsandthecompositionofproductsvaried
significantlywiththechangeofcentralmetal.DMC
basedonCo

3 +
andNi

2+
exhibitedrelativelyhighereffi-

ciencyamongthesecatalysts, Cr
3 +
andFe

3+
exhibited

moderateefficiency, whereastheDMCbasedonMo
4 +
,

Cd
2 +
, Mn

3+
exhibitednearlynocatalyticactivityto-

wardscopolymerization.Thecopolymerwithx(CO2 )

(molarfractionofCO2 ) ≥ 0.3 couldbeobtained

whenDMCbasedonFe
3+
, Co

3+
, Ni

2+
wereem-
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ployed.Incontrast, copolymerswithextremelylow
x(CO2 ) ( 0.02or0.06forCd

2 +
andCr

3+
, respective-

ly) wereproducedbyothercatalysts.Fromviewpoint
ofpercentageofpropylenecarbonate(WPC ), theprod-

uctsobtainedbyDMCbasedonNi
2+
hadlowestWPC,

whichwasonly6.6% ～ 9.1% undertheseconditions,
whereastheproductobtainedbyDMCbasedonFe

2+

under80 ℃ contained72.3% propylenecarbonate.
Combiningwiththeirseveralaspectsofcatalyticfea-
tures, Co

3+
andNi

2+
weremostsuitablecentralmetal

ofDMCcatalystsforcopolymerizationofpropyleneox-
ideandCO2.

Tab.1　Theresultsofcopolymerizationcatalyzed

byDMCwithvariouscentralmetal

Central
Metal

Temperature
(T/°C)

Wpc
(% )

Efficiency
(g/g)

x(CO2 )

Cr3+ 120 31.3 29.3 0.06

140 36.6 75.4 0.10

Mo4+ 100 11.9 10.8 0.06

130 16.5 51.3 0.14

Mn3+ 130 50.4 5.2 /

Fe2+ 60 38.8 44.6 0.16

80 72.3 18.6 0.05

Fe3+ 60 12.1 27.4 0.33

80 25.9 127.7 0.30

Co3+ 80 12.2 1444 0.32

110 14.2 2000 0.24

130 17.2 2111 0.19

Ni2+ 110 6.6 74.3 0.30

130 9.1 438.7 0.24

Cd2+ 110 3.6 5.0 0.08

130 6.5 7.1 0.02

3　Conclusion

Thedoublemetalcyanidecomplexeswithdifferent

centralmetalswerepreparedandemployedascatalysts

forcopolymerizationofPOandCO2.Theresultsre-

vealedthatthekindofcentralmetalhassignificantim-

pactonitscatalyticperformance.Amongthem, Fe
3 +
,

Co
3+
andNi

2+
weresuitablecandidatesofcentralmetal

inDMCcatalyst.
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双金属络合催化剂中心金属对环氧丙烷 /二氧化碳共聚影响
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摘　要:合成了一系列基于 Zna[ M(CN) b] c(M=Fe
2+, Cr3+, Ni2+, Co3+, Mn3+, Mo4+, Cd2+和 Fe3+ )的双金属络合催化

剂, 并且用于催化环氧丙烷和二氧化碳的共聚反应, 以研究中心金属对催化剂催化性能的影响。实验结果表明中心金属对

催化剂催化性能影响很大, 其中以 Co3+, Ni2+为中心金属的催化剂具有较高的催化效能, 分别达到 2000和 482 g/g, 而以

Cd2+, Mn3+为中心金属的催化剂几乎没有催化活性。以 Co3+, Ni2+, Fe3+为中心金属的催化剂能得到 x(CO2 ) 大于 0.3的

共聚物, 而其它催化剂的共聚产物的 x(CO2 ) 小于 0.1。
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