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Abstract The study of main-group metal elements and their coordination complexes with amino acids is an important
theme in coordination chemistry, but it has often been overshadowed by the intense interest in transition-metal coordination
complexes. In recent years, there has been a growing interest in main-group compounds, extending across all members of s-
and p- blocks in the Period Table, which has resulted in the discovery of numerous new classes of compounds with previously
unknown structures and bonding. Among these achievements, the coordination complexes of main group metals with amino
acid ligands are especially notable. As a kind of functional ligand, amino acids set up a bridge of interdisciplinary subjects
between coordination chemistry and biology. The research on coordination chemistry of main group metals with amino acid
ligands will benefit to understanding of the biological effects of main group metals; devel oping new medicine; designing and
synthesizing functional and environmental friendly materials. To achieve these targets, the structural information of these new
coordination complexes is very important and it provides fundamental knowledge for more extensive investigation in the
future. Therefore, this review focus on the single crystal structures of the coordination complexes of main group metals with
amino acid ligands based on X-ray crystallography. Literature coverage is around the last 15 years and ends to May 2013
although some older works are also included for comparing. Specially, this article has been written to commemorate 2014 the
International Year of Crystallography declared by United Nations.
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Bl 1 Li[L-a-GluH] & k450 b i AT ik 2ot
Figure 1 ORTEP picture of the asymmetric unit of Li[L-a-GluH]
(drawing with 50% probability ellipsoids and atomic numbering)!*®
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HAR 7R UNER e, WS, EARARS
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Bl 2 [Liy(SO4)(CoHsNO,)]n 1114845 g 154
Figure 2 The connectivity in [Lix(SO,)(CHsNO,)]n, with displacement
ellipsoids at the 50% probability level®!
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B3 [Li2(SOa)(CHsNO)]n 1 i 4 45 4150
Figure 3 The 2D layer crystal structure of [Lix(SO4)(CHsNO,)].. The
[LiO,] tetrahedron are red and the [SO,] tetrahedron are light yellow!®!
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Figure 4 ORTEP picture of the asymmetric unit of BGLIN (drawing
with 50% probahility ellipsoids and atomic numbering)™®

http://sioc-journal .cn 983



W F F R

Devi M & T L-IA A —KEY
(L-proline lithium chloride monohydrate, LPLCM), ‘&
TEREWL R BT, WK R, BFt s, 8
ARSI TS, R PAFICATEMW - TR
iR 5). X SRR B X A T R B I
REECh =, 53 —A> LI 2 RRC A4 — AN RCAL I 7K 23
¥, BT AU (K 6). I SHG & /& KDP 1
0.2 1%, AhIRIERE b . R T HOk, JysE e
PEAETT IR R, Al AT AR P ik — B M ax AN 4k
R, BA W REIRTG = SHG RN BT A L.

A1 LPLCM ff)5 4402
Figure5 (&) As-grown crystal of LPLCM by slow evaporation method,
(b) as-grown crystal of LPLCM by slow cooling method*?

RelC)

B 6 LPLCM 4> T4y &2
Figure 6 The molecular structure and crystallographic numbering
scheme of LPLCM (50% probability)*3
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PR R e 2 e T A DR A5 A (). SR R B 25+
TE A, 5k N—H-+-Cl il C—H---O. iXLLJ7 B f
IR~k 5.0 AX6.0 A (LICSAR2)F1 55 AX5.7 A
(LINBTN2). (2) KERIf45H4: BIESEE NI 450114
J& A HLA £ (LIDMOMS, lithium-based diamondoid
metal-organic materials)lL LICDMG2(DMG, dimethyl-
glycine, —H#H %K), LIBDMG2(LIB, lithium bro-
mide, 1L, LICPRO2(PRO, L-proline, L-fHZIR),

(b)

Bl 7 EIERAELERE 21 LB RS I A AR (@5
M, (D)254: NI £5 44 () LIDMOM, Fi(c)5—AN LiZMOM )il ABW
RN A

Figure7 Structural diversity in the networks formed by 2 © 1 cocrystals
of amino acids with lithium salts: (a) square grids, (b) diamondoid LiD-
MOM nets, and (c) zeolitic ABW topology in the first LiZMOM. Hydro-
gen atoms and counteranions are omitted for clarity®”
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B 8 {[Li(C:HsNO2)x(H:0)]Br}n 143 T £ (e8]

Figure 8 A view of the molecular structure of {[Li(CHsNO,).-
(H20)]1Br},, showing the atom-labeling. Displacement ellipsoids are
drawn at the 50% probability level!®®
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HTY AR DL 1 25 1 B 2UA7AE, (B S AL, B4
T EOT 20\, BCA 22 A Bl R $L i 1R 7S £
MUHE(E 9). H &R 4 17 T-i% 2 AR i Al v A7 1, ek
SLRSEER:, ERAE Na(NO3) BT I J2 45 M 1T T i
TR “=uia T B A 10).

Bl 9 Na(NOs)CHsNO, 1143141, 57" T Na Jil Hl ity Be 40 #4517
Figure 9 The molecular structure of Na(NO3;)C,HsNO, showing the
coordination environment around Na. Displacement ellipsoids are drawn
at the 50% probability level ™

Bl 10 Na(NO3)CHsNO, 7> I H AL i jfl, ‘o T H &R 77 e At
Na(NO3)Jz: [
Figure 10 The unit-cell packing of molecules of Na(NO3z)C,HsNO,,

showing the glycine molecules ‘sandwiched’ between the Na(NOs) lay-
ers[SQ]

2006 “F, Hamm MM - Ka®
[Nay(CaHsNO,)(S,03)2(H20)c] ## 1 AR IE Y, i 1 2UR
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T[100]. X L6k i AU R L Rl = AEHE L. A
i, EAHER A AT T[010] ) fLiE, fLiEH )L
TRA BT, BT HZRR S 1) R B 5 ) FLE (&
12). fLIBHEAZ% 35A.

0(12B)

0(12)

A n [Nay(CoHsNO)(S,05)2(H20)2]n 15> 74544 [61]

Figure 11 The connectivity in [Nay(C:HsNO2)(S;03)2(H20)2]n, shown
with displacement ellipsoids at the 50% probability level for all non-H
atomd®!

AR S T AN L-IN R o TR R Bl 1 A TR
P JLART R TR R AR Ky = A RUHE, B R = NIl 4
JE PR PR O kT S ) 125 (AR o1 T 1) A T et —
AR O AV P A2 I 23 1 (Al 1) ) g ok 1 (P
13). XFEH S PR AR B B A S L-IN = IR I
SEFIMRIDAE R — gk (18] 14).

B 13 [Na(NOg)(CaH/NOy)], [ fit iz JL fif #g 74152
Figure 13 Coordination geometry of [Na(NO3)(CsH;NO,)]», showing
atom-|abelling scheme and 50% probability displacement ellipsoids'®

Bl 12 [Nay(CoHsNOL)(S:05)2(H20)a] 45 1 1 Hi: ) 64

Figure 12 A packing diagram of the structure of [Nas(CHsNO,)-
($03)2(H20),]n, viewed along [010]; Na-O polyhedra are larger and
thiosulfate tetrahedra are smaller; the glycine molecules are shown in a
ball-and-stick representation. Note the channels in the viewing direc-
tion®™

2007 4F, Meervelt 21120 L- 14 % 2 N A\ %1 NagM o0,
FIZKEET, OB HNOs IiR1L S pH 4 3.4. H
Hre TR EE LN RECAL 1 y- 2 )R £h
Na,[MogO(ala),]*18H,0%, & & 54 %] 7T I & W
[Na(NO3)(CsH/NO)] . HAXFRETCH — M T =
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Bl 14 [Na(NOs)(CsH7NO) s I i VA 45 Fg Hi L 164
Figure14 Packing diagram of [Na(NO3)(CsH/NO,)] 12
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PEBEAE Bl A C A0 BOBIE TR H R R A )
YT K B A PO 5T, 2006 4F, Fleck 414 T
HRRGUACTR I 520 W AR SR K [, taRdE T H
SR B A KR R B [K 2(CoHsNOL)(S:00)]n iR I 45 H. iz
M E TR Y A R T, 1380 T LRk R
(EIRC A IR/N B A A  ARE  F AT R AN KT
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(ECAT Z AR (B 15). JRF K(L)2& /\BCA7 ), JHE A
RIS £ TG XUHE RS A J LA A 8. BCA SR 452 O JRiF,
K—O # K AE 2.6225(11) Fl1 3.2050(15) A 2 [8]. K(2)JR 1
SENBCAE, FCAL LA R il = AR B, B4
VU4 O JRF RIS S IR T, K—O #KAE 2.6940(12) 1
2.8732(12) A 2 Jn], K—S#KAF 3.1527(9)fi1 3.1887(10)
A Z A, [K(1)Og AUAEMAL FH T, AN F4T 1[001]
(BE. PR L A, IR EeRERE— DI B T4 T T7[010]
M2, B, XU R LM FE LK (20, ke ik £z, B
B A ZYEHEL AR 5 [Nay(CoHsNOL)(S,05)-(H20) ]
HApL, Gt AR AT T [100] I FLiE, R EA1H
BN 2.9 A)(E 16).

B 15  [Ko(CoHsNO,)(S09)]n 153 4 Y

Figure 15 The connectivity in [Ky(CoHsNO,)(S;05)], shown with
displacement ellipsoids at the 50% probability level for al non-H at-
omg®"

B 16  [Ko(C:HsNO,)(S:05)]n & H iy HEAH (Y

Figure 16 A packing diagram of the structure of [K(CoHsNO,)(S:03)]n,
viewed along [100]; K-O polyhedron is larger and thiosulfate tetrahedron
is smaller; the glycine molecules are shown in a ball-and-stick representa-
tion. Note the channelsin the viewing direction!®”
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PR 55 AR K AE L) 295 K IR 888k, L
i, BT R ERENE S — R A p- =
MR VUK A (1) {IMQ(CoHsNO,)(H20)4]Clo}, 1176 1 4
Kedith, b, BEE 70 7S ECA IR\ A RO AT J LA 23,
IE TR RS DO FR. AR 824 O I, ik B
PUABCAL R ZK 23 FPRAS H 2 BRI AR T R IE O i ¥
[O(2)F1 O(2)] (K] 17). Mg—O B#K: I\ 2.016(1) 31 2.062(1)
A, KA TR Mg—O BEK B K. Jrfr Ky
Mg—O 575 i — B fRF— B0 T Rk 1 A
B I HC AR [Mg(CoHsNO,) (H20) 4] 45 ) FL T3 42 Bk T
AT T[100) (4. H 2% 73 vl 1 T84, JfAe
[002] 77 Ia) b R AC s, MRS S Z FT8. BERNFRvE
2/m, SER T B T (& 18). [N, i Cl
Wi 5K 1 HRREIEZ RN BEIEN, &4k
gk

B 17 {[Mg(C:HsNO)(H20)4]Clo} 153 F 45 Ky 164
Figure 17 The connectivity in {[Mg(C;HsNO,)(H.0)4]Cl2},, shown
with displacement ellipsoids at the 50% probability level®

B 18 {[Mg(CHsNO2)(H.0) Clo} o RS
Figure 18 A packing diagram for {[Mg(C,HsNO,)(H.0)4] Cl5} n, viewed
along [001]. The chains are oriented horizontally, with the glycine mole-
cules facing away from and towards the viewer(®!

4R, Z0F50 N IR 5 H 2R & Y, 38 )
5EABEFIRE I SRR R A 3 T R R p-H
e U 7K S5 {IMg(CaHsNOL)(H20)4)(NO3)} o &4,
AR ZIC AW IR B 2 AR R S RO AL 1 )\ TR P A7
JUAT R AL, AN IL o T2 T B WA e H R I
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Cis-MgOy(H0)4 IBCAZFH S 7 (K 19). I3 IX i H
RIS AR S5 A )M P L, Oy 8 10 e o5
W it A ) FAT 5 (R R AR . ik S T R
FeE e R R, RN T TR m i s R it
PRI A AL PR TS 2k, i R T IR AT,
W1 e AT A, AT W RE e Bl iR e il P m i)
R, IOREAR N HIE .

B 19 {[MY(CHsNO2)(H20)] (NOs)2} o 1) 43 &y P
Figure 19 The atomic connectivity in {[Mg(C,HsNO,)(H20)4] (NOs)2} n,
shown with displacement ellipsoids at the 50% probability level®

2007 4, Kalkura ZH9%E T2 fi SCik b o+ H 2R
SIRBUR H ETY, 580 T H AR SRR &
/) TR K ZHE RGO ANKEBED
[Mg(CoHsNO2)2(H20)4][Mg(H20)6] (SO) it A £ .
AW TG (0 e LRI R4S 201, K H &
#2(3 g, 1.6 mmol)in A\ 25 mL -L/KAREE(40 g, 6.5
mmol) ¥, 78 313 K NEE/KA. HA K
2 H AR AR, TR 318 K LUk fu i v i ki
PR AEBINS. WHREER N R, 10 K5, £33
HE R A, Z A R R —
[Mg(H20)6]* " Fil— - [I[MG(CoHsNO2)2(H,0) 4] ** P FH i
B, UKL SOT B T(K 20). AN Mg & 1 #l 2
FNBCAE 1 T AR PR RC AL PR B FEA T B . HZ R 4
T UL M B TAEAE. ZE[MO(CoHsNO,)o(H0)4% e & 1
dr, HRER U U7 U588 TR, [Mg(H20)e] >

B 20 [MQ(CHsNO,)o(H20)4] [MG(H20)e] (SOu)o it A 45 1 1 (R A X iR
LT

Figure 20 The asymmetric unit of [Mg(C,HsNO,),(H,0)4][Mg(H20)e]-
(SO,),. Displacement ellipsoids are drawn at the 50% probability level.
Only one sulfate anion is shown!®”
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[MQ(CoHsNOy)o(H20)4]* P Fft L 5 1+ 1) J\ T 4 5[ SO3™ ]
32 1A DU Th AT 3 43 (R0 ] ) 16 T4 T T ab T
A SN2 45, 43 TaE ) 22 3 1l O—
He-+-O fil N—H---O SV AE F (] 21).

B 21 [Mg(C-HsNO,)2(Hz0)4] [Mg(H20)e] (SOu)- 1 A 2 169
Figure 21 View of the crysta structure of [Mg(C,HsNO,),(H,0)4]-
[Mg(H20)e] (SO

TR SRR EE R, AR5
& BBLEY) GlysMSOmH,0 (M=Mg?", Mn?", Fe*,
Co?", Ni**, Zn*"; m=0, 3, 5, 6). 2012 4, Tepavitcharova
AL 500 PR RS — 5, WH IR
RN KER T AR T HRABRRRETLKEY
GlysMgSO,+5H,0 HJ 5. ‘E1H GlysMSOze 5H,0 (M=
Mn?*, Co®", Zn® )[R, T =RIh &R, ZSAEEE P-1.
25 4§

HEEBC GG, B RIS P A TR L
R RN AT, B, IRl K ik ek
WG A, BRI R 2 B A S R A 4R
2. MK EEE BT YRR 37 i JoU & 1) dt o AR,
W I8 AR A S R ) T R R A IS (EASE R
TERHUK B AR 2 5 N RS, Bibl Ak L
PRSI, W2 o-Z LRI RE B A P A
FT, SRR NSRRI [ R T A R R
X[73,74].

2007 4F, Strasdeit 2117 i 7] 3 AU A AL B A1 1] o
TR P K BRI, Hl#5 T — R a-m BB S
Ca(gly),*H,0 (gly="H%I%), Ca(ala),*»3H,0 (ala=rac-A
), Ca(val),sH,O (va =rac-#iZ %), Ca(leu),*3H,0
(leu=rac-Z &%), Ca(met),»nH,O (N~2, met=rac-FE %
F2)F1 Ca(pro),*H,0 (pro=rac-fili & fR). ‘e A1 k4 i)
il 22~25 Jiiow. JaPIRRECS ) E OGN ) )
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L, T TGRS B 56 26 (1 S AR 2E B . AR E AT R 4y
Hr: W] Ca(met),»nH,0 FT it 5 Ca(leu),»3H,0 (LA
H AR, Ca(pro)2H,0 H14 145 Ca(val)2H,0 AL M
AR AT T A BT R R IR A L N,O- 2
HRCA A, BR T N R IRAC &2 LA Ak, I
ABTRIC & P38 h — RO SR G4, BT 22 8 T
BCAARFRIAT RS R AN ], AT U oA 05 2 1 PR o7 A5
AL, XL S, B T RKun o i Mz SRR, @&
A=A RS R 2 ERIR. 585170 il BRCAr
(N205) #1 /\ B A7 (N206) W5 Fi il for 555, Hrp & 17—
ABEABANIK ST Tish, R, 855 o- 2 5L
IR “ A B2t AR R, RN AEAE Tk . U
gy rptrerm,

B 22 —4YEBifiZE a4 Calgly)sHo0 Hi A & iy
Figure 22 Portion of the infinite one-dimensional coordination polymer
in Ca(gly),*H.0. Hydrogen atoms have been omitted for clarity!™

B 23 Ca(aa),*3H,0 1153145k
Figure23 Molecular structure of Ca(ala),*3H,0'™

B 24 —4EMifi SR &4 Caqval),»H,0 [ st i
Figure24 Portion of the infinite one-dimensional coordination polymer
in Ca(val),*H,0. Hydrogen atoms have been omitted for clarity!™

2008 4, 1471178 CaCly#2H,0 (36.75 g, 250 mmol)
AIH R (3.75 g, 50 mmol)ifiRfr /K (K4 100 mL),
WA oA TAEA B TR h e R, HRIHMI
CaCly(Hgly)*3H,0 JothihfA. Bl B i r A4 A W sk
b, FLEH) CaClo(Hgly)eH,O s 4 di k. 3z HIaxX A
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Bl 25 4B A Calleu)»3H,0 Hi G gl e
Figure 25 Portion of the infinite one-dimensional coordination polymer
in Ca(leu)*3H,0. Hydrogen atoms have been omitted for clarity!™

FRRR ) LS B 2R 0, nTUMRBHGTE 2 om [ ERIR el
R CaCly(Hgly)e3H,0 dh k. Zdh iR E T AR,
T A, % ARG & —Fh—4E R 2R A4 DA SR D
Pr RSS2, [CaCl(Hgly)(H,0)s]Cl. Kl 26 i,
TEIC B T [CaCl(Hgly) (H20)s] ", 15 P H 2 I i A4 b 1k
TEAEEE T, HEREAA BRI T u-3 1
IR, X PR IR ) U R B A LR L. &1
W 45 e B3 i (CSD)E L ) 7 g A 4] (0180 g — A
| 7AW CaCly(Hgly)edH,0Y, W46, 7Ei%ic & 1
- ANEE TS TR, Wi CatE T IR
PEEGEENT )\, X N\AEALE T 00E—4 C L PgA
JRIE ORI =ANK O Jiir, LA JLAe] 4 784 Ay Wiy A8 (1) X
kR, HWAMETE AT R T Cl(L) R OL)(E 27).

B 26 CaCly(Hgly)*3H,O [MACAL R S di i 4 K P, R LA R IS A7 14
S

Figure 26 Portion of the coordination polymer of CaCl,(Hgly)*3H,O
with surrounding non-coordinating chloride ions. Thermal ellipsoids are
drawn at the 50% probability levell™

32 Y H I 2 0 2 1 28 AV 46 T R A 1 AL
UASIC Y. E T RIVEAT A A H 2 RS
AL, A0S S UK (R A5 (1), i
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0(2) 0(3)

f(z#z}
,z_if-"' "c;, &Cl(ﬂ

- °0(4)
0(1#1)

Bl 27 CaCl(Hgly)*3H,O HH4 B - {95 (1) RN = e i 37 A 135 0
Figure 27 The distorted bicapped trigonal prismatic coordination envi-
ronment of the calciumion in CaCl(Hgly)*3H,0!"™®

Z(HER) S, e —Ke = (HER) & 45 (11)5
RIS = (CH2URR) 545 (11)1%). 3 FH I Bl DL 1 i A
FAEW T LGB AR S, Biltn, 28 e —sKe (1
BIR) A A5 (11){ [Ca(CHENOR) o(Ha0)3] 1o} o0 i M H
R ESEE 2 0 1 BT 4 it ok i, 2 &
Py AR SR I ASRE AR LT AL 5 A S B s 1L 1Y
ANH IR TERS T NSRS F RIS 255 (7 28).
P P 2 A e T A 11 A7 A M s X
(FIp-2 (AR S, AR5 (1) 5 IO A H 2 R 1 AU 1
SRR FADE, TERCERA. (e E—A
IETTTEPIHURT A, B UAS T 2R AR T L K
SR TAEIXAS LR WAL U 2 1H A AT LU 2
AU g R AN DYy R A A . B () B B
T HER Y TR 15 a s m LA 29).
PUlTIBLTE T 5 — dEEE P A N—H Rl O—H S5JEHTTE
. BTLL, LR B X R AU — SRR R A
Yy T AR P PR R A O

B 28 {[Ca(CHsNO,)a(H20)a]l 2} n [ 53 45 K (T

Figure 28 The molecular structure of {[Ca(C,HsNO,)2(H20)3]12}n with
the atom numbering scheme and 50% probability displacement ellipsoids.
H bonds are shown as dashed lined®

Rajesh 25USIAE R (1) — Gle = (H 20 £ 455 (11)
[tris(glycine) calcium(l1) dichloride, TGCC]® fi & 4 4
P IERE 1, T 2011 AE0Ik R B L 2 R )
FERRIRAEIMT T REMIEIL. K HRRR KA &
A LG R L 3 1 LS T (35 °C) B Al /KR,
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B 29 {[Ca(CHsNOL),(Ho0)3] 12} n i i A 45 14189
Figure 29 Crystal structure of {[Ca(CoHsNO,)x(H20)s]l2}s, Vviewed
down the b-axig’®

VR RE PR3, 6 h ISR SRS, Wl
1) pH {H& 7.2. SRS RAE S F AR 2 T, 33000
G, {F 35 °C, iz HE 45 aa1E ] 155] TGCC (1) 5 .
KB EIR B8 2% Kk, 30 K, #5817 K/NA 34 mm
X 23 mmX5 mm 1] TGCC i) 5 ¢ (81 30). B K Kb
TEA L s X SHERATIIF e, 45, Wik
TRTWAR, 7 8 MK, HH[001]A1[001 [2& %
f]. TGCC ] SHG %% =1 KDP. X —HF 57 i A ARk
PRI R B T R () Ak,

'H'—i Heiit :"{%J 1

£ 221

i
iSEsi e R HE LS

B30 ‘K TGCC Sk )0
Figure30 Photograph of as-grown TGCC crystal*¥

26

2005 4, Stahl 25075 ] il A R 108 7 B84 ik
TR R () BB A 7N K oD- 2% & IR A B (11)
[Sr(CsH7NO,)]*6H,0( & 31)F1 FKe — (A fb L-F %) H
(I1) [Sr(CsHgNOy),]*5H,O(El 32). fijipthii, 7 393~
413 K MR, Em s R NERF R Y. 15 min £33 5 4.
[Sr(CsH/NOy)]*6H,0 1) ff 4w it )\ K & A AL EE (1) AT D-
KRB HEKELL 112 RNMNER, @
[Sr(CsHgNO4)2]*5H,O 114 i A D)3 3z 45 42 Jo 1 £ 1R 7 7K
HEABNF LRI AR NAFE]. 7S /KD-B 2
B I AR G M 5 5 Ko L- R B R A B (1) g 45 4
SEA—FE BEAYI[Sr(CsH/NO,)] +6H,0 F1[Sr(CsHgNO,),]
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5H,0 & AR R 2R, B 75 = A KIS
AMRIE O T IUBCAE, T RGH ) FRlE — IR B A T, a-
FRIEMF PN AR S Bl E Y, 52 AR i,
[Sr(CsH7NOg)]*6H,0 FI[Sr(CsHgNO4)z] *5H,0 73l 71 a Al
b J5 i B Z FIE L AR SE. A o-F p-F LI 12
AN 2 T AREE, EA1ACIAE ab T B U2 2574 (K 33,
Kl 34). S AE[Sr(CsHgNOL),]*5H,0 H it 74k (143 2 1
i fuf AN [R], I RN R 2R L SR XA T2 1S
. #E[Sr(CsH/NO,)]*6H,0 H1, H P [ HE -7 2 R 5 % 771
Ky 130 I SRR B R A5 . A [Sr(CsHNO4)2]*5H,0
o, A IE B - SR AR S A fUR A J IR 2
ok BRI A AT R

Bl 31 [Sr(CsH/NO,)]*6H,0 A5 Ky Hh 1A Tt Fik 2 o7
Figure 31 The asymmetric unit of [Sr(CsH;/NO4)]*6H,0, showing 50%
probability displacement ellipsoids and the atomic numbering!®”

o@1)

< »
¢ cet
o) o(12°) |

B 32 [SH(CsHaNO4)5]*5HLO fil A 4 4y 1 ¥ A ik B 7187
Figure32 The asymmetric unit of [Sr(CsHgNOy),]*5H,0, showing 50%
probability displacement ellipsoids and the atomic numbering!®”

e L-I RN SrCl2H0 BL 1 0 LV /K,
P FUL T 45 A5 3] = 5 = /KN E R A H (1D JE B i,
(alaH)SrCl,+3H,01%%, H; dr ASH il i) SrO,Cl] fic 47 22 TH
A, T 22 A AN T (R DA 1A E), 5
— I3 Z AR R — AN (AR T S ), A fHs
[O10] T JE i 37 O BE () 35). TR 43 XA B e oz
BBEH (LT, C-C-C-THJL°F-"F47[010]). AHA%HE
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B 33 [Sr(CsH/NO,)]*6H,0 #5 a fili 1) & A i A1 PR 167

Figure 33 The crystal packing of [Sr(CsH/NO,)]+6H,0O, viewed down
the a axis. The nine-coordination of the Sr atoms is shown as polyhedra.
H atoms have been omitted for clarity!®”

a"ﬁ‘% ."f“w -sg“». 5
'/—. ® N D

Bl 34 [Sr(CsHeNO,)z]*5H-0 ¥ b %l ) 1A Hi A ] 17

Figure 34 The crystal packing of [Sr(CsHgNO,);]*5H,0, viewed along
the b axis. The nine coordination of the Sr atoms is shown as polyhedra.
H atoms have been omitted for clarity!®”

B 35 (alaH)SrCly»3H.0 (1] 5 1A 4 g0

Figure 35 Crysta structure of (alaH)SrCl,*3H,0, viewed aong the
polyhedral chains parallel [010]. Note the two different chloride ions, one
as part of the coordination sphere, the other in the interstices’®™

M SR, RO (0 SR AL TR, R B
T = YEHESR S .
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2011 4E, —FhE Rt H R AR (1) I LA 2R 2 oY
BT Hk, 5 R H 2 R A SR A 78
MK, g R NIR A, HE . EEE T @7 C)
GASR R, G, TERCTIEWN Sr(H0)(gly)Clal, it
A, ZACE R LD RR IR T R 2SI AE Penb 45
s, ERgER AL S AR T A
B R AN AR, S Ul & A
KA T PUANSAS ) 2R CAAR 1R 7S AN S8 R A0 B
FHOGIE, I — AW —IE — B AE[SrO,Cl o i
R JUATR (& 36). {E[Sr(H20)(H-gly).Cla]n (¥R & 145
PR LS IR ) H R o — IR, — X o ARG
gly FCAARIE R — X[ Sr(H0)(Cl)g] HoT, JE—A Sre--Sr
I RE A 4560 A [ =38 48— H & ou (K 37).
[Sr(H0)(H-gly).Clo]n H H Z MR KB A U BUE T
W b EhY N 1-D BAWEE, ©BA - MinEA[03)].
PSRRI E[CIH(D), CI(AD)], SRS SR ILA
SEAAL R AN, AERAL R AW E N R A A
AN C—H---Cl e AU A BLAE R, e
MIEAER T, O—H-Cl I EAEH A — £ BE IR 7K
T AMIARBE RIS 0], WY c HlP e ML, B RGHY be T
(1 Z(% 38). N—H:*O. N—H:--Cl. C—H--O #HHAF
PSR, TR — AN A4 3D Sk 1445
R T BCA 2R R T S04 0 27 LR AE S S R B (O
A7) AR A TN, Wl Tz R
L‘]z[92~96].

Bl 36 [Sr(H0)(H-gly)oCloln HI45 14K B (L&), Sr(l)E 7 i g =
R = A B A IO 22 TH R ()Y

Figure 36 A view of the coordination sphere of Sr(ll) in
[Sr(H20)(H-gly).Cl,], showing the atom-labeling scheme. Displacement
ellipsoids are drawn at the 50% probability level except for hydrogens
(top). The distorted tricapped trigonal prismatic coordination polyhedron
around Sr(11) in [Sr(H,0)(H-gly)2Cl], (bottom)4

3 p-XERRTEMNIERESY
p- DX < Jim (BHE B ) U F AT TR, R B
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K37 [Sr(H0)(H-gly)oClola T HZ&IR M - = A A (LK), RS
YO =38 A O H s o (R )BT

Figure 37 The p-tridentate binding mode of glycine in
[Sr(H20)(H-gly),Cl;], which leads to formation of a 1-D polymer ex-
tending along the b-axis (top) and the tricyclic distrontium—diglycine unit
(building block) of the polymer (bottom)!®!

B 38 [Sr(H20)(H-gly)Claln #t b 4l JE (¥ LA 54 40 ¥ AR 1Y
Figure 38 A view of the packing diagram for [Sr(H.O)(H-gly).Cl.]n
showing a portion of the coordination polymer extending along the b-axis.
The intrachain C—H---Cl interactions are shown as broken lines (blue)
while the O—H---Cl interactions (black) serve to link adjacent chains and
extend the H-bonding network along the c-axis resulting in layers. For
clarity, only the C—H-+Cl and O—H---Cl interactions are shown'®¥

KEL B B HY. BBL BLAIAN, B TR AR
AL IVAL VAL VIA & 5 sX&EML, eiim
SRER S, AR, B, HeEEo
IO L R EE (1, R AE s R B BRI T AT
H, BRI T30 R OIX T 3R AR R, E& T
BRI I R, UL SRR AR 2 R, B
SEl A R AR BRI, Ak, Po(IV)AT Po(l1)idm]
FARIC L8 (R SRR O, [, #EiX e p-
X &gt g, A OETI R LR AL A W W FUAE X 8%
ES
3.1 %

2005 4, Simon-Masseron 413z i H & 18 1E hy Jit
TR, KA BT AS BT — FoBT 1) 2 IR B o 1R SR
GayP4016(C:HsNO,) . FHAFE T AL &I K Ak,
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K39 7R, ixdb iR SN ABAEIESR, e AT T3 RS
25 150 umx 830 pumx980 pm. LA 2E A DY
JCIR, B EL Ga ok O R = A RAUHE K[ GaOs] FI[ PO,
DY AR AT B T . X R B S BUE CPAT T be
TITEHLZ (K] 40a). 3X AN 45 16 05 0 3 TR R AR 2 R AN K

Bl 39 GayPsOi6(CoHsNO), fi A 131 FL 1tk e P 1209
Figure 39 Scanning electron micrographs of some crystals of the
G64P4016(C2H5N02)4[l°6]

(@) ﬁ"ﬁ'ﬂ; H__T

-

LA

(b)

Ga

Bl 40 GalPsOu(CHsNO,), HEAL I ¥ [100] (2)F1[010] (b)J7 I7l 4 4L
[106]

Figure 40 View aong the [100] (a) and the [010] (b) directions of the
framework of GayP40:6(C,HsNO,)4; 0xygen atoms of the inorganic sheet
are omitted for clarity!*
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JRF o AN AR RO, Hod PUANER 7Kk H 1 [POy
PUTHIAAR, B R B —Ak B H &R EAA[# K O3)--Ga
1.913 A( 400). TCHLZ S5 HARAEZ i L H 2R
IS AR5 O2) 1 B4 [l AU BV ke 2 3%
Ptk [ N---O(2) 2.821 A]. 471, BATFHcE 445
T I R A 10T (B S A A7 A T 1) .

3.2 %

2011 ¥, Wiesbrock M5 T — R Aok ke H &AL
L-2 2R BT B B I B & [ TH(L-GluH)]. s 15 2 ¢ (0.469
g, 1 mmol) il A\ F| L-4 & 1#(0.294 g, 2 mmol) ) 10 mL 7K
HIETFR T, IRAWIAAR 10 min, 725 (RS v mLr %
RS RIEERK S KNG, 537 28 K010
[TIL-GIuH)] G (i, CsHgNOLTI. % A2 Rt it &,
FAEE P2y, AXFREICES AT HIC(E 41). %
B I S AR R AR B SE A 2, FLEL R AR AR AL
th L-BRERMT 7, TIQ)ILA AR TR, TI(2)4E
H HAEIRFECAL (K 42). PRI [RIECAL R R TI(L)E
MR AR P E AR SRR 2D Befr R &9, o
EAEE T AR AR, mEARL 3 A 43). {1
IR, [TI(L-GluH)] i i 45 7 v i 3 2225 Ry R Ul
% L T [K(L-AspH)(H0),)™M & 4k 45 #) . 5 4b
[TI(L-GIuH)]CsHgNO,TI T fitg by B - b BE i e B AL il
PEHL T G5 R LA,
33 4B

2000 4F, Gasque HMMRIE T Hi- KA R IR &Y
Pb(aspH)(NO3) ¥ fi A4 #4. F 3.31 g (10 mmol )i R4
%1 50 mL /K, 1.55 g (10 mmol) K& Z /K &t
w50 mL K, Wi TRA. H 0.1 mol/L NaOH 175 pH
B 4.0, WEE L M. B TR R T B AR S
Pb(aspH)(NOs). XL & 47 1 il A 4 4y o — b — 4E A
Raw, Hh KRR RA PR, =4t

B AL [TI(L-GluH)] it 45 g o g A i 2 g 19
Figure41l The asymmetric unit in the crystalline phase of [TI(L-GluH)]
with atomic numbering!**!

Bl 42 [TI(L-GluH)]h e 7 20
Figure 42 Coordination spheres of the two types of thallium ions con-
stituting the crystalline phase of [TI(L-GluH)]™
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Bl 43 [TI(L-GluH)] A g e i — e pe fr 3 A0

Figure 43 Two-dimensiona coordinative polymerization in the crystal-
line phase of [TI(L-GluH)]. View onto (top) and through (bottom) the
layer of thallium ions and oxygen atoms™

W4 8% 2 k) AT WY IE AT Al AR A IR I =AM hE R i . —A
WEERIE S 18 TR, 8 =M A =AM
a7, BATSM 48 -4 8 A BEAE: Po--Pb 4589 A
A1 4.706 A(K 44). AR5 AR RO, BA
KRERE, —AKRAMRRE 1. Pb ECAL Lk 8]
DABE N Ry e — P AR ) DY 7 HE, TR PN - St
AUR T PR (K 45), A O(1)—Pb—0(2) 49.8°, K
C(1)—0(1) 1.264(19) A, C(1)—0(2) 1.24(2) A.

e P
~”"*‘1\“»§}5"'*ﬁfl*-?"“‘x\f’ 7
k'z\j\'k%; = J\:‘\é"' 'S“\ﬁ ?d\'
N A R W e s
kx . '\-' §"" 1.“"\_\{ Tag 1> MT
gk gk gk :

Bl 44 Pb(aspH)(NOs) [ & =AM T A=A RS 1 18 Jeaft
Figure44 18-membered rings containing three Pb ions and three ligand
molecules in Pb(aspH)(NOs)!*!

B 45  Pb(aspH)(NOs)H 5 5 7 (1) fic fr R 5017

Figure 45 The coordination environment of lead atoms in
Pb(aspH)(NOs) with the labelling scheme. H atoms were not included in
the refinement!™”
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TR~ R IC A1) Po(Val)o(H20)2(NO3), 11 il 144
ey 8 A B B A, AN I AR R T 4
Ak A NG T A BRI . — A O R 25
PR BCAA . AN K 43 AL — AN R 1 2% 6 A FH [O(8) #
O1(& 46). Ji4bh, AT AN B I IRAR & 1. ARk
AT, PGB BRI AR N i P 7)1, R 2
S AL
N(4)_BO(10)

O(8)
N(3P(5)

o)

B 46  Pb(Val)(H0):(NOs), 1153 45 My, o th A i fr A5
Figure 46 Crystalographic view of the coordination environment of
lead in Pb(Val),(H20)2(NOs),. Hydrogen atoms are omitted for clarity™

M RN S, HTREEES A HItHH
4, I B A T BEL. 5 45 I S R AT T S i) —
eI KRR EY(0.331 g, 1 mmol ) AR AE 2K T
W, B IR (0.115 g, 1 mmol) R A LA 1 mol/L
(1 mL, 1 mmol)7E I RA 5, IIAGEER A .
Ve, ARSI FEE LR, S8Rk, 13
W X SR BT B9 [Pb(pro)o(H20)], HIBE Y X
WA T B, A —A ALK B EER 1D
BERCAL R A PI(E 47). IEQFTII, T R Rk
(23 AP, Aoy Po(TT) & IR SUe N, [, %
TR 5y F 45k, e R E AR R, JFH
PR PRV BT AN KRR 1, 38 B T AL JZ 20 “ A
HRY” L X RUR A, LA A A4S oty P11 B 1
BAT—AS “STAREEIE TR 06 7, AHAREE 2 [H)3E
RE55 ) Po---O FIEBEAH HLAEFH, 50T — /> 2D B 42(K

48).
'\T c(3w)
C(2w) O(2w)
Y

[

B 47 [Pb(pro)x(Ho0)]n ML 2 £ M i s 2 g Pl )
Figure 47 Fragment of the coordination polymer in [Pb(pro)z(Hz0)]»
showing 1D polymer!
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B 48  [Pb(pro)s(H,0)]n A /3121 2 4ty P 1!
Figure 48 View of supramolecular assemblies in [Pb(pro),(H-O)], via
Pb---O interactions and hydrogen bonding*'!

[ B, KN IRETEL A Y[ Po(phe),], 1 fib 445 #4 1
G A R S C AL A B s T
CH7E TR ORI, KRN 22 (0.312 g, 1 mmol)
MEASEALAN(0.432 g, 2 mmol) & TR 4%, TR
(LD)E T 50— M0 /oo Bl B N e S0 o ) S 7, %
B, SHMAARSIERN 60 TR, %34 IR
B EE. 10 KJa, SVIRAERAIISCE PR, g,
AT Bk, T X Gk k2= e I [Pb(phe) 2]
(MR R, AN R NN AL R 7ok B TS
IR R AR A R, YA AR, B
PON,O4 (&l 49). 714 & B Bl 1 4% P4 U T A7 1) 2% 1)
He A A ¥4, T A BR 8% 2% 7 [0(2) — Pb— O(2A)
152.0(2)°], ‘& Al REMH (11) AN Sz AR S PE R P06 H 7
PRI X — S I E R A AR L R
N2 R IR IR, [Pb(phe)al L &I TE L T —> 2D Bl 2§
“ (& 50).

B 49  [Pb(phe),]n 143145 1 0>
Figure 49 Crystallographic view of the coordination environment of
lead in [Pb(phe),],.. Hydrogen atoms are omitted for clarity™
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B 50 [Pb(phe)z]n 1y 2D Py 2R 41 i A 4 g P 020
Figure 50 Fragment of the 2D coordination polymer of [Pb(phe)s],
(phenyl groups are omitted for clarify)i*?

ANE] T [Pb(phe)al FLA7 SR G4 Hh 2K N 2R bty ol
M E T S AN AR AY
[Pb(CoH1NO2)2(NO3)(H20)-INOs i 14 45 1 h 1122, ik iy
RAIREA TR T bz mr, Bl ek
NARPIVES P AEE X Skt T TR,
A PR SR AL R S RO B K =
1) Po(NOs), % 80 mL Z& /K. fEREIBHEFET, A
R L- N 2 [#44:(0.330 g, 2 mmol), 54 e & Tic
PEEAR)G, TRESHERE RN, SE ARG, &0
B 0.01 mol/L NaOH #15 pH % 5.3, il e, —
JEAR RO AIR A, [PB(CoHuNOL)(NO3)(H,0),]NO;
AT FR K 51 FioR. H0 &1 Po(I) AR,
BCALJZ MR Ky 2 IF s ). AR P R T
Pb(1)/O(1)/O(3)/0(4)/O(21) (4 &l 52 H )& (4, V- [HI T 7).
FFans A HER S BoR T — AN Pb---O 43 FIIEE R,
A0 AR B B 1 A (] 52, R4 ).

Gasque Z1MHE T 4TS s @R SRR A
g I A N e/ I I NE L A Bt I o 1| I
[Pb(Hil€)2(NO3)(H20)]NOs. [Pb(leu)(NO3) Fil[Poy(Hval)s] -

B 51 [Pb(CoH11NO2)2(NO3)(H20);]NOs i A 4 4 i ¥ AS % i 1. 71422
Figure 51 The asymmetric unit of [Pb(CgH11NO,)»(NOs)(H20):]NO3
showing the atom numbering scheme*?2
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Bl 52 [Pb(CoHuNOL)o(NO3)(Ho0)o]NOs it A S5 44 7 P X BRI AH G
fy 23 7022
Figure 52 Two symmetry-related molecules in the crystal structure of
[Pb(CoH11NO,)2(NO3)(H20),] NOs, omitting H atoms and non-coordinated
nitrate ions. The green plane is caculated using atoms
Pb(1)/0(2)/0(3)/0(4)/0(21) (spheres of arbitrary radii) and corresponds
to the equatoria plane defining the hemidirected ligand arrangement. The
short inter-cation contact is shown as a dashed ling'?3

(ClOg)422(H20). X = Fi iL & W) A& M AH N 28 ik B2 1
Pb(NO3), 5 Pb(CIO,), MIZK R A 2. LERCAT V.
b FErp, TFEAEBERE RN NaOH /K¥i, H 3|
M UF I RRET, A RS RIS, W E g, —
BN 1) J5 45 21 d . 1 5 40 [Pb(Hile)(NOg) (H20),]NOs
AR FRAL SR O S AP AL
(1) 5 2 R TIC AR A 7K 737 R — AN XA PR 25 - e o7,
PA Bz — AN 25 10 i MR A 2 7 (8l 53). il iC & 4
[Pb(leu)(NOg)| JUE—H 1D MIECA &4, Hordr, Axt
FRETTALE ST Po(leu)(NOs)FB 4y, Il HAT
EE AR TR AL, S hooadiid N F— MR A O R
TH=A L@ BRI F R, & — MR & 1 i
Pr. FTA BRI S SHE Po &5 7, MR —AN Z 2T
D BAWHE (K 54). [Poy(Hval)s](ClOg)42(H,0) 1A
X PRI TG AN BRI DU 2 B BC S P 4 e e, DA
A AT, PO(11) 2538 ik )\ AN 2 21 T X 2 TR
[IRREN 71 5 VAU 7 S M LS Al R R B R N e R W
[Py(Hval)s]* . J\ANIE 5 (1) 7 SRR AR 25 1 R DY AN R A
(KK 5>, W47 AEF J7K [Poy(Hval)s)** 454 B0
TEFLIY L =Y Al AR 45 16 (1] 55).

O[11)

(8) 0(12)
0(19‘) N(4) ¢
)

(2

B 53 & [Pb(Hile),(NOs)(HoO),]NOs )43 T4 g el 124
Figure53 The structure of complex [Pb(Hile),(NOs)(H,0)-] NO5**
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B 54 [Pb(leu)(NOg)] I FC 7.5 A 49y 1 iy e 4 g P 124

Figure54 A part of the polymeric structure of [Pb(leu)(NOs)]. A single
chain, corresponding to one independent Pb atom in the asymmetric unit
is represented. Labeled atoms belong to the asymmetric unit (top). The
figure (bottom) represents two crystallographically independent chains
running along [010]. The cell is oriented down axis [100]. In both figures,
H atoms have been omitted for clarity!*"

& 55 [Pby(Hval)s] (ClOg)se2(H2O)H HC A B 55 1~ 58 4 1) 2 A ] 124
Figure 55 A part of the polymeric structure formed by cations in
[Pby(Hval)s] (ClO4)42(H,0). The asymmetric unit contains atoms Ph(1) to
Pb(4) (top). The figure (bottom) represents a packing diagram including
two symmetry-related cationic polymers. The cell is oriented down axis
[100]. In both figures, anions, water molecules and H atoms have been
omitted for clarity*
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SR RAREI, A8 T R R RO A, SEETAY T A
4R . LR N AR LS Z RS I e &4, BRI
[Pb(OH2)2(Val)2(NO3)][NOs]. [Pb(OH2).(Phe),
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min Ji (9 AH B 25 R IR KA O A BB 10 min 5 1)
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WA 95~100 ‘C Fn#60 min, Tl 21874 2
FEW. SRR R LR, B AR IR A
1. Pb-Val-1le( /] 56) [FIAS I FR &5 # B g, — NGz iR Fl
AR AR S O E RO, S8k, AR
TR ARAR 72 5B 18 H A A3 20 L-
S TRATC G ) AL 2 W R R B A P (L] 46) 56
3, AR EIA AR, mE 57 BT, #E TS
P AR BRI . AR 2 1 A — AR AR 25 1 e AT,
BCALEh 6, JLrhARaA IR IC 1A B 4 Bk A 1K, AR
MR B AT 7E K 46 Frid i Wik ss fh, 4
BRI ECh 7, DA A — AN S R A4 S XA T
PrAEs, wf L, FERCAPALSAH RO, A sk
(1 AR i AR A R W EE . R, AW
L TelC)]

B 56 [Ph(OH2)2(Val)(11€)(NO3)] [NOs] i A i g A i 29
Figure 56  Crystalographic view of the asymmetric unit of
[PB(OH,)(Val)(l1€)(NO3)] [NO5]**

c(10) o(11)

o N(4) O(12)
- 0(10).\q
c®)

B 57  [Pb(OH;)2(Val)2(NO3)] [NOs] fs P45 ) 1 IR AN ik 2 752
Figure 57  Crystalographic view of the asymmetric unit of
[Pb(OH;)2(Val)o(NO3)] [NOs >
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Pb-Phes2H,0 5 5 4Rl i Ac & H1 (WL Bl 51) H A AR H] 1)
SN, H AR RN 22 00). A1 58 h, 2 5
AL (RAS PR AR B 1 Sy B O AL ABE 2, T 508 Wi 3 ) 45 4
o L TP A1 R S = RS - el T VA -
Phy(HAg)s(H;0)(NO3)7#3H,0( & 59) (AN Bk H el
PIANETD . AN T IR AR 2 TR TN
FERITHE . — AR IE) . BAMHIR b 251
FIPUAN K55 Po(L) 00 5 T AN 2 R 43 -1 i 2 SR AH
HAEH, T Po)rhL U — AR MR 7 1 R B A |
YER. X&) 2 B0 e i 5 oA s B R B B 1 i e
BB G ). RIS ] DU, SRR AN T LA LA YT Y
TR LR 7 i 4 8 3 Ay, BT RARUT AL
MIRHE TS 4 s 3 ey, B 2R 4 = e
PrIE .

. c(16
c(7 .
C‘SW ce) C“TF 5 C(15)
£ ) i
: { COIBME C(14)
merAMm ( c(13)  0@Y)
J cw@) 2 o4
A o(1 N(40) O(43)
@ & c(i1)
c2 N(21)
N(T) 0(6)
N@3) @ 0(32)

0(33)

B 58 [Pb(OH;)x(Phe)o(NO3)][NOg] ity A 4 iy A i 1 e 29
Figure 58 Crystalographic views of the asymmetric unit of
[Pb(OH;)>(Phe)>(NO3)] [NOz] "

B 59  Pby(OH,)(HArgG)s(NO3),*3H,0 iy A £ 44 r it A i g o 12

Figure 59  Crystalographic view of the asymmetric unit of
Po,(OHa) (HAIG)3(NO3)7+3H,0

[IRE, T B R R 1) o PR S5 R IO IE I, o R
TP REHLHIR O T 45 HERE, TPt DA
i T =X
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