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Ap*+ Bg*+ Cr*+2Dpq+2Eqr+2Frp—4=0 (3)
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e, EDRRIZ x=a/2, y=b/2, z=0 THE X LNDXH
LOMETH Y, BGMEX, (4) LY Dab=-2%155.

F7o, 4 FRICEMT DBAIKIZ ¢ (-a, b, 0) 2SR
i, FBBHIK ¢, L ORI x=a/2, y=b/2, z=0Th
v, BEMSEAE, (4 XY Dab=2 %155, KOS
WCHGTHRTA—=2D1>THDHDIT Dab s LT, 2
= Dab=-2 OFFEANTELERSZ LIZTH. B FIZo
WTHRIERIZ, EIX Ebe LT (0, b, ¢) & ¢ (0, -b,

¢ LMD 22 Ebe=-2 D#iIMN%Z, F7z, Flid Fea & L
T, 2= Feaz-2 OFPANES Z L2 5. KO
W% 5925/ A—% D, E F1X, 2=zDab, Ebc, Fca
=-2 OHEIPFNTE 2 b5 Dab, Ebec, Fea DIED# A
BOEEED, FBAE R VIR LIEBAEOWT L
EBHEWVWIRZDLRNE W) FF 2Rz THHEZRLEL,
ZOFRMEEF T THEMNEOERE L Y TEEO/R L RKEWN
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T2 902 @, B, »>0 DERMERRIT 2. B RFeHE
BN OET OV TS 16 HRS2 D, Z DEIFERO
SRR LRI U T4.06% CTh o7z, F 2 ([TRKFEIH
Raehb 25 16 MOBHAKEROME Aa®, Bb?, Cc?,
Dab, Ebc, Fea DfETxR L. ZDOFRLIY Dab, Ebe,
Fea DWW H05-2, 0, 20T DETHY, Zh
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L0tz ZZC, Dab=FEbc=Fca=|2|%5 %
% 4% Type 1 &£ L, Dab=0, Ebc=Fca=|2|%5 %
% 4 #8% Type 2, Ebc=0, Dab=Fca=|2|® 4 #1% Type
3, Dab=FEbc=12|, Fea=0%52% 4#l% Type 4 &
L7-. 2, % Type ® 4 Mzt i, ii, i, ivafrL,
16 FEOFEHAIZ W T Type 1-1 235 Type 4-iv £ T4
e,

=1 EALETREGFEFYA
¢ (a, 0,0) ¢ (0, b, 0) ¢(a, b, 0) ¢ (-a, b, 0) £ (0,0, ¢ ¢(a, 0,0
¢(a,b,c ¢ (a, b, c) ¢ (-a, b, c) ¢ (-a, 0, c) ¢ (0, b, ¢ ¢ (0, b, ¢)
C L. x,p, z i H R ~OFE RO AT A F T,
K2 RAFER7405%% 5% 2EAKTEHR
A BY’ ce Dab Ebe Fca
Type 1- 1 4.00 4.00 4.00 2.00 2.00 2.00
Type 1-ii 4.00 4.00 4.00 -2.00 2.00 -2.00
Type 1-iil 4.00 4.00 4.00 -2.00 -2.00 2.00
Type 1-iv 4.00 4.00 4.00 2.00 -2.00 -2.00
Type 2- 1 4.00 4.00 4.00 0.00 2.00 2.00
Type 2-ii 4.00 4.00 4.00 0.00 2.00 -2.00
Type 2-iii 4.00 4.00 4.00 0.00 -2.00 2.00
Type 2-iv 4.00 4.00 4.00 0.00 -2.00 -2.00
Type 3- 1 4.00 4.00 4.00 2.00 0.00 2.00
Type 3-ii 4.00 4.00 4.00 -2.00 0.00 -2.00
Type 3-iii 4.00 4.00 4.00 -2.00 0.00 2.00
Type 3-iv 4.00 4.00 4.00 2.00 0.00 -2.00
Type 4- 1 4.00 4.00 4.00 2.00 2.00 0.00
Type 4-ii 4.00 4.00 4.00 -2.00 2.00 0.00
Type 4-iii 4.00 4.00 4.00 -2.00 -2.00 0.00
Type 4-iv 4.00 4.00 4.00 2.00 -2.00 0.00
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- Iﬁfﬁé > KR R
Type 1- i 8.157 5.431 3.451 1.128
e Li o0cs <o 00 e
oo Lii e s o e
Type 1-iv 8.385 6.900 2.642 1.247
Type 2- i 8.502 5.194 3.462 1.147
e i o005 o e e
Type 2-iii 8.838 6.135 2.819 1.230
Type 2-iv 10.410 5.431 2.704 640.4 o 1349 o
Type 3- i 9.929 4.687 3.285 1.261
s s o e R
e s om e o T
Type 3-iv 10.170 5.094 2.951 1.302
Type 4- i 9.275 4.824 3.417 1.203
Type 4- i 9.497 4.786 3.364 1.222
Type 4-iii 10.841 4.993 2.825 1.372
Type 4-iv 9.454 5.844 2.767 1.272

=4 FEH 2 RAFER 7405%% 5 2 EAK
KT ES © a=8.000A 5=8.000A =8.000A «=60.0° B=60.0° y=60.0°

FHEEE : 907 DEF O##5 : 65X 65X65 ( 2 ZDab, Fbe, Fta =-2 )

» I%fﬁé - iR b
Type 1- i 4.000 4.000 4.000 1.000
Type 1-ii
Type 1-iii 7.727 4.000 2.071 1.334
Type 1-iv
Type 2- i 5.657 4.000 2.828 1.082
Type 2-i 7.140 4.000 2.241 1.250
Type 2-iii
Type 2-iv 10.355 2.828 2.185 . 1.723
Type 3- i 5.657 4.000 2.828 1.082
e o o e e
Type 3-1i 7.140 4.000 2241 1.250
Type 3-iv
Type 4- i 5.657 4.000 2.828 1.082
e o Joo o B
Type 4-iii 10355 2828 2.185 o3
Type 4-iv 7.140 4.000 2241 1250
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£5 16 24 TOBAKEMIRE
Type 1- i e(a,0,0) ¢ (0,b,0) £(0,0,c¢) ¢ (a, -b, 0) e (-a,0,¢) e (0,-b, c)
Type 1-ii ¢ (a,0,0) ¢ (0,b,0) £(0,0,c¢) ¢ (a,b,0) ¢ (a,0,0) ¢ (0,-b,c)
Type 1-iii | ¢ (a,0,0) ¢ (0,b,0) € (0,0,c¢) ¢ (a, b,0) ¢(-a,0,c) ¢(0,b,c)
Type 1-iv ¢(a,0,0) £(0,b,0) £(0,0,c¢) ¢ (a, -b, 0) £(a,0,c) £ (0,b,c)
Type 2- i ¢ (a,0,0) ¢ (0, b, 0) €(0,0,c) ¢ (-a,0,c) € (0,-b,c) ¢ (-a,-b,c)
Type 2-ii ¢(a,0,0) £ (0,b,0) £(0,0,¢) ¢(a,0,¢) ¢ (0,-b,c) ¢ (a,-b,c)
Type 2-iii ¢(a,0,0) ¢ (0,b,0) £(0,0,c¢) ¢ (-a,0,c) ¢ (0,b,¢) ¢ (-a, b, c)
Type 2-iv ¢(a,0,0) ¢ (0,b,0) £(0,0,c) ¢(a,0,¢) ¢ (0,b,¢) e(a,b,c)
Type 3- i ¢(a,0,0) ¢ (0,b,0) £ (0,0,c¢) ¢ (a, -b, 0) ¢ (-a,0,c¢) ¢ (-a, b, c)
Type 3-ii ¢(a,0,0) €(0,b,0) £(0,0,¢) ¢ (a, b,0) ¢ (a,0,c¢) ¢ (a,b,c)
Type 3-iii €(a,0,0) £(0,b,0) £(0,0,c¢) e(a, b,0) e (-a,0,c) ¢ (-a, -b, ¢)
Type 3-iv €(a,0,0) € (0,b,0) €(0,0,c¢) ¢ (a, -b, 0) e(a,0,c) ¢ (a, -b, c)
Type 4- i €(a,0,0) £ (0,b,0) £(0,0,c) ¢ (a, -b, 0) e(0,-b,c) ¢ (a,-b,c)
Type 4- ii ¢(a0,0) ¢ (0,b,0) £(0,0,c) ¢ (a,b,0) € (0,-b,c) ¢ (-a,-b,c)
Type 4-iii | ¢ (a,0,0) ¢ (0, b, 0) £(0,0,c¢) ¢ (a, b, 0) ¢ (0,b,c) ¢ (a, b, c)
Type 4-iv | ¢ (a,0,0) £ (0,b,0) £(0,0,c¢) ¢ (a, -b, 0) € (0,b,c¢) ¢ (-a, b, c)
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IR L LT, AU Z b OROREICK T DHRT
KL, ZoXRND, 16 A T OMIEOEEILR LT
HLD, R, REBELR R TRARDLZEERLTEY,
[F UA& ISR R TR & 5 2 DMK 16 FliH 5 2
ENGghotz.

R4 TROKREFEE G2 DT EBDOHET, KT
EBN a=b=c=8A, a= = y=60" LEELHITH
5. ZOTORE 72 DFEMRIE 11 FEEICA Lz, R,
Type 1-1i % Aa*=Bb*=Cc*=4, Dab= Ebc= Fca=2
DA T, KD 3 S>OTMORINE L, Kbk
b1 &2 KVEKERLTWDZ ENRGN5.
LA D X A T3 THEAETH 7.

#* 51%, 16 MOFFHADFEIIZOWT, FEHIE « I
P AFEMERE R LB DT, 2T 6 [HOFEMK L
L THRY, Zo6FOFAGKE AL TEERSIT B
LFEMEEED D &, 12 HOFEMEE L D2 &
2725, B d 2F8MIRITE 2 A IRk > TR, fi
Z1E, Type 1-i & Type 1-ii OFEMEREEOE N EHD
L, BIED e(a, b, 0) & e (-a, 0, ¢) BENTH
%BETIE s (@, b, 0) ¢ (a, 0, ¢) L, ZOH
ARERBE DO DHFE FUEDFEDIEW & 22 o TEAILTW D &
Exoib.
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R RICR T DT ORI Y HITE VA B
Lol Lk, BXOGHEF 2 THONT-FIAED > HoO
Type 1-1 WEKTH D Z &M 16 FOBEAIERFE % Type
-1 ZREL L, ZhODOELRTH. K613
FHIDOEHN L DBMBRTE O LM AR L bDTHD.
#6 () IZILOETHhD 5 B 1O & 2R & (-7
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O ORI L o TR T OIBIZE D L2V, & 6(b)
3R TRl 1 WA kA ISR A5G T, Z OEHIC

-
—
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27 %

FT, 1 WhoOm & &3 W 28R o 725G OB EE 0O
BAIZONWTIHARD (£ 6(a) M) . Type 1-ii Taffif
D&% a’ =-a LW &S &, BHRICEIZ RN
0, HilA LD A 180- £1T, ETo y T Yy DI
180- Y IZEDY, HFEBIIRDOLIITHEZLND.

a’ =a b’ =b ¢ =c¢
pF° =180-4, y =180-y
Z DENEHZ L o THAM T 45K D 5 5 ¢ (a, b, 0)
Ls(a, 0, ¢) BDENEIN ¢(-a, b, 0) & s (-a, 0, ¢)
WZZEY, APRLOBRIZH DKL EE T 5 & Type
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BERIREE | moOKEE* | RN | mo%m | Bk
Typel-i |
Type 1-ii T1 Type 1- i
Type 1-ii : T2
Type 1-iv T3
Type 2-i |
Type 2-ii | T1
Type 2-iii | T2
Type 2-iv T3
Type 3- i
Type 8- i T Type 3- 1 a=c, b=b, ¢=a Type 2- i
Type 3-iii | T2 E
Type 3-iv T3
Type4-i |
Type 4 _1_1_ T Type 4- i a=a, b=c, ¢=b
Type 4-iii ; T2
Type 4-iv | T3
* Tl1: a=a b=b c=c
T2: 4&a=a b=-b <c=c
T3: 4a=a b=b c=-c
(b) EWZEHUZ X > THRFAEDLBE
PRk BT Ll Pefih B i
Type 2- i ;a’Z'a'Fc,b’:b,d:c
Type3-i ' a=a b=a-b c=a Type 1- 1
Type 4- i ia’=a,b’=b,c’=b'c

FIERIZ, Type 1-iilL, b=-b 2L~ T, LK
TEBIKRDO LS Ich 2 bh,
a’=a b’ =bh ¢ =¢
a’ =180~a, 4 =4, v =180~y
Z OHIEHUC L o THMMT H/HKD 5 6 ¢ (a, b, 0)
L e, b, ¢) BENEN £(a, -b, 0) & £(0, -b, ¢
WY, L OBRICE S L OEEET S & Type 1-
1 & UCHEABREICEDS.
£7-, Typel-ivid, ¢’ =-ellX > T, EHHGOKF
EBTKRDO L HITEZA bR,
a’=a b’ =bh ¢ =¢
a’ =180~a, A =180-4, v =y
Z DOEBIC K> THEMT 2FMAED S H < (@, 0, ¢
Ee(0, b, o) BENEN £(a, 0, ¢) & (0, b, ¢

WY, RO OBRIZH S L DOEBET S & Type 1-

i &R CHBREEIcE DS, MEROMZM A Type 2,
Type 3, Type 4 IZJ§T 5 i, iii, WwIiZ2OWTITH &,
IO OEMBRIIZNENORBT S 1 &[F CHEAlBRE
WEDS (R6@EH) .

WU, FEFEhOIZHI K DB BREE DI DV TRl
<% (£ 6@ . Type 3- 1 DIEFHIZONT, a
e cliiz a =c ¢ =aD X HITRBT D LB EL
FROEDITHEABND.

a’=c¢ b’ =b ¢ =a

e’ =y, B =4, v =a
Z DB Ko THRL T DFMED S B £ (8, 0, 0),
£, 0, ¢, (a -b, 0, £(a, b, ¢ IF, ETNE
e, 0, a), £( 0, 0), £(0, -b, a), ¢£(c, b,
—a) [ZEY, AHOLORBRICH D b DEH[ET 5 L Type
2-1 &R U IS A D D
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Type4-iltbifli& clihz b’ =¢, ¢’ =bD LI

B 5 L FEBTRO LI ICEABND.

a’=a b’ =c¢ ¢ =b
8 =y, v =4
Z ORI L > THEAT 285 MED 5 5 & (0, b, 0),
e, 0, ¢, (@ -b, 0, (@ -b, ¢ BNENE
e, 0, b), £, ¢, 0, c(a 0, -b), ¢(a ¢
“b)IZE Y, MHRLOBMRICH 5 b D EBET 5 & Type
2= 1 LIA CHMBREEICED D,

ZZE T TE o MEREE OIS, BAKIZ Lo
THMAET OB L E G2 ehofe. ZORdEHS
NIHEFERICLIVEONOIRETREZ S X2 16 OFF
FIARIE, #&FI DS LE S AR OBV D b
LW, TOTHLELNLBDOLEETHRLETH T2,

F6MITRT LD, #TFEID 5B 1 fiha kA mIC
B2 &9 AR OB, BAKE - OIICE(LA BN D.
F9, Type 2-1 OBE, 1Mz a’ =-atclZD, b
D 2 WZOWTIEITD b’ =b, ¢’ =c ZER-oTBE,
SO TINIRO L) IcE 6N 5.

a’ =l|-atel, b’ =b
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Closest Packing of Ellipsoid in Space Group P1

Tomohiko Taniguchi
Shijonawate Gakuen University, Faculty of Rehabilitation
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Abstract

The closest packing structure when having 1 ellipsoid in the unit cell which belongs to space group P1
(Triclinic system), was checked using Excel made by Microsoft Corporation and VBA. 16 kinds of
ellipsoid to which the closest packing rate 74.05% is given exist. These ellipsoids contact with 12
ellipsoids both in the different contact environments. It's possible to change the contact environment to
the specific contact environment by a change in an axis of unit cell. When we look at the contact
environments from stacking of layers, there are 2 types in stacking of layers. In the 1st type, the
ellipsoid contacts with 6 ellipsoids in the layer and with 3 ellipsoids in an upper layer and a lower layer
respectively. In the second type, the ellipsoid contacts with 4 ellipsoids in the layer and with 4 ellipsoids

in an upper layer and a lower layer respectively.
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