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ABSTRACT. The structure and thermodynamic properties of hody centered cubic structure of simple
Coulombic liquids are computed from the perturbation theory for one-component plasma. A comparison
of perturbation theory (PT) and Monte Carlo (MC) simulation shows excellent agreement, The hard-
sphere perturbation theory is applicable to a long-range attractive system, such as the one-component
plasma. A comparison of the radial distribution function {g(»)) and the structure factor (S{g)) for PT

data and MC data shows agreement. Thus the perturbation theory is an applicable method to explain
the structure and thermodynamic properties of Coulomb liquids.
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Table 1. Comparison of (IF—Uu)/NRT between PT
and MC (Ref. 2) at ischeme=0,2,3,4,5

(U= Uw/NET
Ischem 7 MC PT —Un/NET ~UF/NRT
r=10
0 0.240 0.9633 11557 8.9593 6.6890
2 0411 09633 1.7591 89593 4.6568
3 0271 09633 1.1394 8.8593 6.8697
4 0151 09633 1.7791 8.8593 6.7640
5 0000 09633 8.8008 8.9593 01584
=50
0 0405 17025 20808 44.7695 41.2548
2 0602 17025 36728 447695 37.7915
3 0438 17025 2.0601 44,7695 41.0800
4 0274 17025 35704 447695 404827
5 0000 17025 438112  44.7695 0.9575
r=100
0 0468 21129 26171 89.5929 85.2769
2 0641 21129 28639 89.5929 84.3724
3 0497 21129 25557  89.5929 85.2128
4 0328 21129 49457 895929 83.7947
5 0000 211298 87.2967 89.5929 2.2956
=160
0 0505 24586 29931 1433486 1385465
2 0656 24586 1.9306 143.3486 1367711
3 0530 24586 28402 1433486 138.6226
4 0364 24586 6.1952 1433486 1362110
5 0000 24586 1390169 143.3486 43307
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ischeme=5¢ wj
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e Halo] w2} MC dlojets} vlmyt Al is-
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Table 2. Comparison of (A°—Un)/NeT between PT
and MC (Ref. 2) at ischeme=0,2,3,4,5

(A= Uuw)/NRT
Ischem ¢ MC PT —Un/NRT —AVNRT
r=10
0 0240 1.8463 2.3460 8.9593 79772
2 0411 18463 23349 8.9593 9.9081
3 0271 18463 22609 8.8593 8.3202
4 0151 18463  3.1082 8.8593 6.5969
5 0000 18463 88065 8.9593 0.1542
=50
0 0405 39795  4.8826 44.7695  43.1040
2 0602 39795 71166  44.7695 460320
3 0438 39795 48099 44.7695  43.7080
4 0274 39795 72102 447695  39.1860
5 0000 39795 439424 44.7695 0.8554
r=10
0 0468 53009 65083 895929  87.3740
2 0641 53009 94536  89.5929 904810
3 0497 53009 64178  89.5920  88.0970
4 0328 53009 101930 895529 815940
5 0000 53009 1399371  B9.5929 19101
=160
0 0505 63756 7.8269 1433486  140.6400
2 0656 63756 105836 1433486 144.0400
3 0530 63756 76876 1433486 1414600
4 0364 63756 12.7983 1433486 133.1700
5 000@ 63756 1399371 143.3486 34139

Table 394 & & A%0] & AT2FE AEd
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NeTE MC ololels} ujms] B 2317} 2glon

Table 3. Comparison of (F—U/NRT between PT
and MC (Ref. 2)

W —Un)/NET

r " MC PT  —Uw/NRT —U\/NET
1 0076 03159 04056 08959  0.2379
0.119 04739 05774 17919 08119

10 0.271 09633 1.1394 89593 68597
20 0345 12416 15003 179186 15.1598
30 0388 14489 17482 268779 23.6985
40 0416 15952 19367 358372 32.3540
50 0438 17025 20876 447965 410800
0454 18197 22122  53.7557 49.8532

70 0468 19080 23175 62.7250 58.6604
80 0479 19843 24079 716743 674929
90 0488 20646 24866 806336 76.3450
100 0497 21129 25557 895929 852128
110 0504 2.1922 26168 985522 95.7513
120 0510 22275 26714 1075115 1025841
130 0516 22888 27202 1164708 111.8838
140 0521 23351 27643 1254301 120.7907
155 0528 24290 28226 1388690 134.1626

Table 4. Comparison of (A'—Uy)/NkT between PT
and MC (Ref. 2)

(A~ Uy)/NET

I 1 MC  PT  —UdMT —AJNET

1 0076 04509 0.5814 0.8959 0.6515
2 0119 07169 0.5204 1.7919 1.4323
10 0271 1.8463 22609 8.9593 8.3202
20 0345 26226 3.1709 179186 17.1380
30 0388 3.1733 3.8286 26,8779 25.9850
40 0416 36122 43584 358372 34.8430
50 0438 39795 4.8074 447965 43.7080
60 0.454 42997 5.1994  53.7557 52.5780
70 0468 45860 5.5484 62.7150 61.4520
80 0479 48443 58639 716743 703300
90 0488 50816 6.1522 806336 79.2120
100 0497 53009 64178 89.5929 88.0970
110 0504 55062 66643 985822 96.9840
120 0510 56995 6.8944 107.5115 1058700
130 0516 58818 7.1102 1164708 114.7700
140 0521 60531 7.3134 1254301 123.6600
155 0528 62980 7.5977 1388690 137.0100
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Table 5. Comparison of compressibility factor be-

tween PT and MC (Ref. 2)

(PV/NET)
r 0 MC PT
1 007 08438 0.8366
2 0119 0.6062 0.5952
10 0271 -16012 — 16067
20 0345 — 44755 —44729
30 0388 -7.3818 —7.3767
0 0416  —103048 — 10.3000
50 0438  —132384 -132370
60 0454  —16.1797 —16.1820
70 0468  —19.1267 -19.1330
80 0479  —220783 —22.0890
90 0488  —250336 —25.0490
100 0497  —27.9919 —28.0130
110 0504  —309529 —30.9790
120 0510  —339160 —33.9470
130 0516  —368810 —36.9180
40 0521  —30.8476 —39.8890
155 0528  —44.3003 — 443500
160 0530  —457852 —45.8370
3
r'=100(n=0.497)
2
©
>
S~
o
1
0

Fig. 1. Comparison of the radial distribution function
£{(r/a) between the PT(V,) and MC (Ref. 1) at I'=

100,

Madelung <l[\q2] Uy3} WH-odz)e] 4E3 U2
iz E 2217} Ao $igdch
Table 4= Helmholtz 2}§-ollv]2) (4 — Uy /NET

AW - /M - FKE - Francis H. Ree

3
r=120(n=0.510)
/'\\

2t
o
>
=3

1+

0 "

0

r/o
Fig. 2. Comparison of the radial distribution function
g(r/a) between the PT(V;) and MC (Ref. 2) at '=
120,

/(\: 140(n=0.521)

-
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Fig. 3. Comparison of the radial distribution function
g(r/a) between the PT(V,} and MC (Ref. 2) at T'=
140.
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Fig. 4. Comparison of the radial distribution function
2(r/a) between the PT(V;) and MC (Ref. 4) at I'=
140.
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Fig. 5. Comparison of the radial distribution function
g(r/a) between the PT(V,) and MC (Ref. 2) at I'=
160.
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Fig. 6. Comparison of the radial distribution function
2(r/a) between the PT(V;) and MC (Ref. 4) at T=
160.
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Fig. 7. Comparison of the structure factors between
the PT(V,) and MC (Ref. 2) at I'=10.
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3
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Fig. 8. Comparison of the structure factors between
the PT(Vy) and MC (Ref. 3) at '=40,

3

r=70(n=0.468)

Fig. 9. Comparison of the structure factors between
the PT(V,) and MC (Ref. 3) at I'=70.
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Fig. 10. Comparison of the structure factors between
the PT(Vy) and MC (Ref. 2) at '=100.

F=130(7=0.516)

Fig. 11. Comparison of the structure factors between
the PT(V,) and MC (Ref. 3) at [=130.
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