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Lamellar Compounds of Graphite with Alkali Metals:
Its Application to Chemical and Polymerization Reactions

il
2 24 FYPF g g ol ¥
& A% Aol (1.4154) & B‘Ji
(1. 397A) = H]%‘M 7t 5 Abol el Az 3.
A= 9= 249 Van der waals A2 (3.4~
7+ o (Fig. 1).

L

Figure 1. The structure of graphite.
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Table I. Dependence of Composition of Lamellar
Compounds with Potassium on Reaction

Conditions.
Temp of o
Temp. of i Vp. of | Composition
graphite, °C potaggum, K; mmHg of cpd.
400 320 0.51 CoK
293 0.20 CigK
450 340 0.91 CoK
324 0.51 CK
250—340 250 0.06 CgK
390—425 250 0.06 CuK
490 250 0.06 CyK
A dHenE, Hde d34AA A

€ ¢ 2 #AAHE o] &3h= Aol Naph-
thalene o] 1} anthracene 59 W83 whilda
7 o 4% ol 3t Bol—armriol, ofal,
diethoxy ethane—oil 4] o] Z<5 w23
A4S Bod S8 Htul ofdg
BY QA g S GFE galFay 4
S—39 A9 S8 ARAD

Table . Redox Potentials of Various Aromatic
Hydrocarbons Relative to Biphenyl.

Hydrocarbon | E, V “ Hydrocarbon E, vV
Biphenyl 0 || Dibenz(a, k) anthracene | 0. 69
Naphthalene | 0.09 | Coronene 0.70
Phenanthrene | 0.17 || Perylene 1. 42
Chrysene 0. 38 || Tetracene 1.28
Pyrene 0. 60

Table Tol4 & & Sl%e] wdlridAs
QAW BFE 229 47 2AU et A
Ashest 2R Re JRud P B
& S9 HBE 2AE A Fde oFF 2 B
2 AAE 4 57 Q1A 2o B4 o
F folsirt,

ol2]g Fqe] P S ol LA FQAE &
Ze F59 £45 ub3AA CpsK(NHs)z,
Cio:K(Py)1o 59 FA3FEES AU, &
2 % oS biphenyl o]} naphthalene 72-& BJ-F&
F wstsad 4o Soled 8% oA
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€ 7 3o oW Eds
YFE e3lra Aol AR =74
ute}l el F4o] ol FIA Hid, %
o, %4 & naphthalene—gzel Z42 A 3135
G EAIE Fd—-ggE FEY 4GS
o] deojAlet,
—YUB| 2L SMSIEIES X
X-ray & ol 4311 FALEY F=2& ¢
T 5 & F5FS A JdE TdE
ol F& 2EF2Y w9 F9} e Fo| ut
HE F7) Ie, 350 Ay Eo1zk¢ =
Al #e & F loH g F
g FzE &+ =" (Fig. 2).
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Figure 2. Arrangement of layers of graphite and of
alkali metals in lamellar compounds:
full line=carbon layer; broken line=in-
tercalated metal layer; I’’=thickness of
unfilled layer in lamellar compound; Io=
identity period in clusion compounds;
I'c=thickness of filled layer in lamellar

compound.
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Table H. Composition and Stages of Compounds of
Graphite with Potassium and Rubidium

Potassium compounds Rubidium

compounds
C:i‘;?gg' l stage N c;)ixtt;gg- stage c:ixtxilgg- stage
CsK I Cs 3K il{ Ca2 Rb I
CusK | I+1 | CooK | H+F |CssRb I
Ca 3K I CusK | M+N | CieoRb| I+1
Ca6.2K I CuoK | N4+ 1 | Cov3Rb I
CoriK I CuK | N+ | Cs6Rb I
CxsoK | I+1 || Cis6K v CaeRb| 1
CosK | I+H | CioK v Cs7.4Rb I
Cx4K | I+ | Cso5K | V+V | CsosRb|
Cp7K | M+ 1 || Css 9K v Ce2Rb| ¥V
Css.9K il

el B2t F45%F 149 #a 28 F29 +
7t FbeHAl He, 539 e T2 E W3l
7t Ae F, CeMelAe 44389 Tz2%
CoM el A e §4Y 9 T2 o]

Figure 3. Triangular arrangement of potassium ato-
ms relative to carbon network of graphite,

4. BT LU FHo| o|F=
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Fz Foz oFld FARYEAA 5 4
AR o] 28 Fd Foz AT o FHH
34 HYEANA 25 4SS 9 oL
A Hel, F4 4% FA 2FFz A]

#e|0] A 39 Al43 19799 74

o = A~

% 5459 A% A
A7 AAAA QFel A% AL FHPO
o] Age BHE wsea HH7 17
Fololit 27t ol o] 4 ole o FE
AWt e AozA ox 98 2Ad 99

R o

AAZ, Ed—g2aFE 243 EL 34
ok AzmAe] FomV, £ CMY zA4uE
e FAAFELS AxA o] o}F wojujris,

EAE, FANGES AL F9 LxAF
(positive temperature coefficient) 8- 7}x] 7 ¢l =
WS, ol 4¢E Beitad $gd 340 o
Fi5 FASREY] A9 2o,

AA 2, F43FES] F34 AL =44
2 ARl gty FHozRE w©ad 1
TTE FOE o]FEE AAY 4 Y

UA 2, Fd—Alg $43¢Ee] Méssbauer
spectrum & ¥wl FEEo] 9143 o] .23}y o

4ee & F 9o

5. R IL SAMBEE
gatote 8 Sgutsdiel olg

Fd oA 5 2ANYES 9 5hutg,
old3tut-g, FIuE, A3 AYulLE At
A 343 "k-gol o] g= o)

5-1 s} 230 ol 43t HiS

CKE Fujz ol g3l ol
9 zev Z4d 4434 ke d
59 Flz CGKE o] &3F Al o=2d
£ ZALA 717 Table NollA <& F gl 700
719}, 110°C o] 4] 2-butyl benzene(35%), dial-
kylbenzene, higher monoalkylbenzene o] =%
of A& d, old L% 200°C = &= bi-
phenyl(19%)3} s-butyl benzene(23%)o] 4=
©Jzl=}, Biphenyl & #lAl} S —2& FA3}
FZEEEH ghEelA WA ez So]go]
dimerization 3}7] wf F-of AJA = o},

EFd5 dEdd g EAE o Sz CM
4 o] g3} 120°C ol 4] = triphenyl pentane o},
55°C o] 4] = n-propyl benzene o] THEo]x|w,
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Table ¥ Catalystic Alkylation of Aromatics Using Potassium Graphite (KCg) Catalyst

Pressure,
Solvent or KCq Temp. CoH,
Substrate (g.) Time (psig) Products
Benzene 1.4 102-112° 700 1.7g. sec-butylbenzene, 2.6g. higher mono-
0. 28mole 2-3hr. substituted benzenes + m-disubstituted ben-
zene, 0.6g. residue
Benzene 3 200° 900 9.6 g liquid, b.p. > 150°, containing 23%
0. 34mole 20hr. sec-butylbenzene and 19% diphenyl
Benzene 2 250° 150 None
0. 23mole 26hr.
Toluene 9 120-130° 800 16.4g. 3-phenylpentane(50% conversion) +
0. 24mole 7-%hr. 5-10g. higher boiling material
Toluene 2 150-155° 970 289% toluene recovered, 34% conversion to n-
0. 24mole 30hr. propylbenzene (489% yield), 129% conver-
sion to 3-phenylpentane (17% yield) and
0.7g. high-boiling material
Isopropyl- 2 200° 700 21.9 g. liquid, b.p. 172-267° (corr. ), contain-
benzene 24hr. tert-amylbenzene (42% conversion) and 11%
0. 18mole unreacted isopropylbenzene, 3.9 g. residue

=3} isopropyl benzene 3} o ® & 200°C of 4
18- 717 t-pentyl benzene o] A oA Al £}
FANFES F R ol &3t dAE o ’“54'
% A 4 ek, 55, pent-l-ene & =

2 CeK, CuK, CxK, CiK 5& o] &3l ut
2719 75°C 8} 235°C Atolef A o] A3} utg-
o]} 4] cis-pent-2-ene, trans-pent-2-ene
o "o od 2yt c2wW wESE
trans/cis & ¥l FrhEH F9l9 A==
CeoK>CisK>CseK>ColK>CeK ) 0.2 Zhae
Aok, =3 Fdle] F4xE dkge] AP
ufe} Zbadle d, Fig. 4049 o] A=
b ZFasE AEE 57 FEFF AP,

5-2 B U

5-2-1 2 H|d BtEHEC] TS

ZA—2E AT ES MAARIS g
——o| &4, propylene, butene—& Z3Hul-g

T Atk

CK & MNAA RS ofBall & FF-$A7
= polyethylene o] @ o]=] =12, Table Vo4
BE nspo] CK & FA48gEd49 K9
& 293 wFo] K(in KChHolw K(in K,0)
Be} &Aool 3ty a9 whg 27L& 1,000
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719, 200°C 7t 7A Agsly, Sz n-
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Table V. Polymerization of Ethylene by Potassium Graphite (KCg)

Products, G./G.K

Extract-
Pres- Solid able
Catalyst Solvent, Temp., Time, sure, ¢ Liquid polymer solid
., KCq ML °C. Hr. (P.S.1.G.) polymer residue? polymer®
36.0 300 isooctane? 200 6 1000 1.1 — 0.18
12.0 100 iscoctane 200 22 1000 3.5 0.8 .14
1.2 100 isooctane 200 4 1000 — No reaction —_
15. 0¢ 100 isooctane 200 20 1000 1.6 0.6 None
6.0 100 n-heptane 200 21 1000 6.9 1.3 <0.3
8.0/ 20 n-heptane 200 24 900 — No reaction —_
3.0 7 n-heptane 200 42 1000 — No reaction —_
6.8+
2ml ZnEt, 10 n-heptane 200 50 1000 7.5 3.1 0.25
3.4+
4m] ZnEt, 20 n-heptane 200 7-5 1000 — No reaction —
4ml ZnEt, 20 n-heptane 200 7.5 1000 — No reaction —

¢ Maximum pressure during run. ° Residue from distillation of liquid polymer. Solid extracted from graphite.
4 “Tsooctane” or 2, 4, 4-trimethylpentane. ¢ Grams of K/KCI from 4g. K dispersed over 20g. KCL / Grams of K

/NagO from 5g. K dispersed over 40g. NagO.

Aol LA Lol e,

CeK, CiK, CuK 59 F433ES alkyl
halide 1} aryl halide, transition metal halide
£33 AAAZ o £ A% E AP,
propylene, butene ¢ ZAZ 4 v o]
o 2E& 50~250°C 7} AFele EL Hxlek
o AT oA,

o Propyleneo| Zd—ZF F43FES} (CH;
ICIO)Z Hg & #8479 dimerization ©] 2ojr}
4-methyl-1-pentane o] A A ] o}30.31,

Zd—2F FANEES AAAZ 3t wd
3} 35— —methyl methacrylate, methacrylalde-
hyde, methacrylonitrile, styrene——& &3l
AL F YR

Table Vel & # ¥ d3t¢EE CKE A
Az ot o2y Bies el FE
AR e W AFAy v} glg, SHlzs
UHF & 2 & 47t 7b4 52 $£5§%, heptane
£ A5 ds A ReE FEES Afen,
styrene ©] 7}% &-& conversion & acrylonitrile
o] 7}& 22 conversion & R}

EaolH A3d A4% 19799 74

Table V. Yields and Molecular Weights of Polymers
Prepared with C;6K in Ethereal and Hy-
drocarbon Solvents®

Molecular
Polymer weight (from

Polymer Solvent vield, % viscometry)
Polyacrylonitrile THF 10 6-—8x10%¢
DME 3 ”
Benzene 2 ”
Heptane Trace —
Poly (methyl THF 60 7X10* ¢
methacrylate) DME 4 5x10*
Benzene 7 —
Heptane 5 108
Polystyrene THF 98 105
DME 53 ”
Benzene 30 2X10°
Heptane 2-5 -
Polymethacryl-  THF 80 -
aldehyde Cyclohexane 70 —

¢ Initiator concentration, 37g/1;. monomer concen-
tration, 3mole/1. ; 23°C; 4hr.

5 In dimethylformamide 25°C.

¢ In chloroform 25°C.

?Tn benzene, 25°C.

¢ Monomer concentration, 4mole/1.
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Figure 5. Composition of styrene-acrylonitrile co-

polymers:

(A) CuK initiator, DME, 23°

C; (B) sodium initiator, liquid ammonia;
(C) Radical polymerization at —78°C
initiated by 7-rays.

dutx oz AAAZ CKu CuK & o] &3
o] styrene & SFulA7H ZFPHExE= =
@ o]l polystyrene 9] A} -2 v A}

L
3

CieK & o] 83t ¥5% W= dog 471
glEdl, ol E Eo] styrene ¥ acrylonitrile & %
287 4L styrene-acrylonitrile &3 =
Fig. 544 & 4 gIRo] 259 fol& 35%

ulg9 73—,—1\:]— styrene 8] 3taFo] ww, =
Oz FE2Yut-se A 9¢¥oE styrene ] T
o] Zev oA 43T EY FHol FEE
= A &7} styrene ©] acrylonitrile .t} =7} o
Fol o,

5-2-2 Diene 2| S&tHIS

Fd—4FS FANLEL o439 diene
—butadiene, isoprene—& ZFgult-2 A
e

S48 E CKvt CuK & o] 8319 butadi-
ene & Fu-EA 7 & 7ol Table A 2
= uks}zle] 1, 2-polybutadiene, trans-1, 4-poly-
butadine o] stereospecific 34 @ o)A t}B o]
13 &2 23 alkyl amine & F&v] 2 0] 83}
= trans-1, 4~polybutadiene o] A A 5= 7 gko]
o}% 28 A of A% AESHE amine
9] aminohydrogen 9] <7} R&4E 2 A4

Table VI. Stereospecific Polymerization of Butadiene by Potassium Graphite with Amines

catalyst amines uptake of micro-structure (%)
. ) solvent butadiene 19—  trans— cis—

(6x1073mole) . (6X1073mole) 25°C (mole) 1.4— 1.4—
CgK none THF 9x1072 54 42 4
CgK none n-hexane 9%x1072 52 41 7
CuK none THF 10Xx1072 57 39 4
CuK none n-hexane 9x 1072 60 37 3
CgK (C.Hs) 3N THF 9x 1072 41 55 4
CeK (C;Hs) o NH THF 9x1072 37 59 4
CsK C;HsNH, THF 9X 1072 33 64 3
CsK H,NCH,CH,NH, THF 9x1072 31 65 4
CgK H.N(CH;)3NH; THF 10X 1072 23 71 6
CsK H,N(CH,)¢NH, THF 9x1072 28 68 4
CgK (CH3) N (CH3)N(CHg), THF 9% 1072 46 49 5
CgK NH2(CHz) ,—NH— (CH);—NH,

(12X 1073 mole) THF 161072 18 80 2

(181073 mole) THF 161072 16 83 1
CsK (C.Hs) 2NCH(CH3) CH=CH,

THF 9x1072 36 60 4

naphthalene~k*  (CoHs),NH THF 9x1072 83 17 0

(solution)
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Table 8. Stereospecific Polymerization of Isoprene by Graphite Lamellar Compounds

Microstructure, 9%

No. Catalyst Solvent® 1,4 1,2 3,4 M,x1073

1 C,LiDME DOX 6 16 78 160

2 C,LiTHF None 11 11 78

3 C,LiDME None 1* 16 13 71 166
None 2* 16 13 71 610
None 3* 17 11 72 40 (GPC)

4 C,LiDME Hexane 16 13 71 153

5 C,LiDME THF 13 26 61 166

6 C,LiDME DME 23 28 49

7 C,LiDME Triglyme 21 30 49

8 C,NaDME None 16 12 72 160

9 C,KDME None 38 7 55

10 C,KTHF None 38 5 57

¢ Temperature de polymerization, 15°C, -isoprene, 20ml Except(*): 1 (20ml), 2(80mi), 3(5ml); catalyst 500
{ mg; solvent, 80ml.

< AR olgE 2 naphthalene—ZFZ & oxide, acetaldehyde 5= F3hit 32 Qoo
NAAE A3 4 9= alkyl amineo]| ¢ CaK & 7| A A 231 ethylene oxide & 2]
3} g ae gk Tetrahydrofurane 2 o] &3t w}2-A 74 poly-

Amine © 2 trans-N,N dimethyl-2-butenyl ethylene oxide 71 oA =4, o=@ & Fig. 64}
amine & & A A+ 95%9 trans-1, 4-poly A BE ukebzlo] b2 A7t 23~258 AR = uE

butadiene 2, cis-2-butenyl diethylamine € 2~ 2ol AA3] A =1}H(15% conversion) 2 9]
= AFelEe 95%9 trans-1,4-polybutadiened  FRE & v FA3 utgol AP EAF
& & e 94 FAR FHE v 2 olfe A8
23}, alkyl lithium 3} morpholine & 24
323 @A o] e AFol e 95%°1 4 P
1, 2-polybutadiene ©] ¢ o] 3] c}42, 60}
F43¢E L 0183t isoprene & Fubs
A 719 1, 2-polyisoprene, 3, 4-polyisoprene 3-& SOr
trans-1, 4-polyisoprene ©] o] =] =d], Table VI S|
oAl A BE wpebzol iR wAlFxE 4 3
FE FAHA AHLEHE S99 7 131"6‘/‘] ol v 30
g5 E mediume] #9dhth Aoz 2
3,4-poly isoprene ©] 7} o] whEol At CR
LiCy & o] 83 A isoprene & F3hub-g4714d sob
90%°] 49 1,4-poly isoprene*o], FIF ubg
Al ¢ alkyl lithium 3} morpholine & ¥ o 82% 20 30 40 50 80
9] 3, 4-polyisoprene o] o)A Al = c}4s, time ,min
5-2-3 Ethylene oxide 2} acetaldehyde 2| Figure 6. Dependence of the degree of EQ conver-
St dts sion on polymerization time; (EOQ)=6.5
2 —2AF 24T EL o]43ldd ethylene mole/1., [C2K)=0. 06mole/1.

#EelH A 34 M43 19799 79 213



+ ethylene oxide 7} &9 Zjolo] H-AL=] o]
A A wh-&} initial chain o] A4 Wk-g-o] Yo
Yt 2 o] FHE & growing chaine] T &
o AbolollA] gl oz BAsm A fAd active
center o] FE7t FE3] AR i Fol wiE A
A dbgE& wole Aojths,

Ed—2F SR EE ol &3t  acetalde-
hyde & EollA wF2A71= polyacete aldehyde
7b oA,

FAd—2E(FS 7o, Ae) 2AEE

= FT £ Mz g dEE
£ 4edq 48 55 CKH, &

o e exst e2d ASE

F7bstAl "ep CRb 1 GoC, = CK
HopE Aol Ao GRH, &= 60°CAA =z
7 AAF 0.055 AR CC, & —~78°Cst
150°C Aelo] A 449} wgshx dedh 2
A, GG, 47 FF42 HEe 59 d4
H 8} 47} ortho o] A paradelz W3}
S dl E0 A4 B

CKE AeE F43H 440l dol4® ol g
o] &3le RV ol s FHT 4 9;1‘:]'51_“’3. =
Fas A2 1:1 EFEE Fd—2F 34
3}3HE-g o] &3} uF-3AlA IR(infrared spect-
roscopy) 2 &l ¥ A3} FEiiolt 44l
23 A o,

CeK vt CpK & o] &3l o

8 2 2 b

)
=
© 3

il A

cyclohexane o7 gkE F &&
£ olgto| i} odEl o e FE ,,l\:]—56,

—9.‘—‘5—?.4_"&”4 3P EE Folv daedt
3t Fa£E AN 22T, propylene L A
3lA A acrolein o] HA &%, a1k QA3
ga9} wh-§-3te KO, v chos‘é‘ ‘1}1—: 1= &
4,

2] CGKyv CC, 52 94
T3 A= ukeS 3y
FHET}HEO,

g ae
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