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CAVITY OF THE CROWN ETHER AND ITS RELATIONSHIP WITH
THE STRUCTURE OF RARE EARTH NITRATE COMPLEXES

Mao Jianggao * Jin Zhongsheng Ni Jiazuan
(Laboratory of Rare Earth Chemistry and Physics, Changchun Institute of Applied Chemistry,
Chinese Academy of Sciences, Changchun 130022)

Cavity diamcters of the crown cther (D) and ratios of rarc carth ionic diameter (D;) to D, (D;/ D)
for over fifty rarc carth nitrate compléxcs have been calculated. The crown cavity is affected by many fac-
tors, such as the ionic radius of the rarc carth clement, the bonding force between the crown ligand and the
RE(Ill) ion, the substitutes on the crown ring, ct al. The range of the D,/ D, value is closcly related to the
type of complex formed. Four approximate rules hold: (1) if D,/ D, > 1.4, thc complex formed has a
structure in which three anio'ns occupy the samc side of the crown cther (struct. type I); (2) if
0.8< D,/ D.<0.9, the mctal ion in the complex isolated is most possibly encapsulated in the crown cavity
with three anions residing on the two opposite sides of the crown cther (struct. type 11); (3) if D,/ D.<0.8,
the crown ligand in the complex is probably hydrogen bonded with the coordinated water molecules

(struct. type lil); (4) if 0.9 < D,/ D, < 1.4, the structure of complex gencrally belongs to struct. type III, in
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some cases it can be of struct. tvpe IV which is composcd of complex cations and a polynitrato anionic spe-

cies.
Keywords: crown ether cavity diameter D,/ D, ratio calculation approximate rule

Introduction
Rare carth crown cther complexcs are of special intersct to chemists because they display
various fnctal / ligand (M / L) ratios and a number of unusual structurcs. For the lanthanide ni-
trate complexes, M / L ratiosof 13 1,132,231,2:3,3:2and 4 : 3 have been reported .
These complexes gencrally belong to four types of structurcs which arc shown in Figs. 1,2,3 and

49 1n i987, an approximate rulc was put forward by Bunzli which declt with the

4 respectively
rclation between D;/ D, and M / L ratio (Y However, duc to the negligence of the facts that
the cavity diameter (D,) of a crown cther may change along the lanthanide contraction and
complexes with a samc M /L ratio may havc various typcs of structurcs as well as the
inadaquatc structurc data available, his rule could not fully rationalizc thc rclation between

D,/ D_ and the composition of complexes. We think the M / L ratio and the structure of com-
plexes depend on many factors. By studying over 30 crystal structurcs of rarc carth nitratc com-
plcxcs with the crown cthers recently accomplished in our laboratory and related structures in
litcraturcs, we have calculated cavity diametcers of the crown cthers in their complexes (D), stud-
icd the factors that affect the crown cavity and rationalized scveral approximate rules that gov-

crn the rclation between D,/ D, ratics and the structural types of lanthanidce nitratec complexcs.

Fig.1 Structurc of La(NO{(167°5) Fig.2 Structurc of La(NQ,),(18C6)
(struct. type 1) : (struct. tvpe 1)
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Fig.3 Structure of [Lu(NO,),(H,0),] (16C5)
(struct. type )

Fig.4 Structurc of [Eu(NO,),(H,0),J[Eu(NO,),(16C5)(MeCN)] (struct. type 1V)

Theoretical Calculation
The cavity diameter of a crown cther various from one complex to another due to numer-
ous conformations it may adopt. Most valucs of D, in literatures were calculated from molecu-
lar modcls, thus they only have limited application to rarc carth complexcs. All our results were
based on crystal structurcs of crown cthers or their complexcs. D, is calculated by thé following
cquation: )
D, = Z[(Dab), —(Ra), =(Rb))]

€ i=1
whcere Dab——the scparation of the two non—adjacent coordination atoms a and b(for 12 or
15—membered crowns), or the distance between two coordination atoms on the crown ring of
the opposite position (for 18—membered crowns).
Ra, Rb——van dcr Waals radius of the coordination atom, n——numbcr of Dab.
In calculation of D;/ D, , for struct. typc I and Il D, is the cavity diamcter of
crown—coordinated complex. For struct. type Tl it is the average valuc of crown—coordinated

complcxes.
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Results and Discussion
1.The effect of rare earth ionic radius on the crown cavity
In the process of the interaction between rarc carth ions and the crown cthers the v .. ucs of
D, for isostructural complexes change along the lanthanide scrics and have a tendency to de-
crcase, as indicated by Table 1. For rare carth nitrate complexcs with 12—crown—4, D, for La
complex is 1.05 A, it decreases to 0.93 A for Yb complex.

Table 1 D_(A) of 12—Crown—4 in Its Complexes with Lanthanide Nitrates
RE La Pr Nd Sm Eu Y Yb

D, 1.05 0.95 0.96 0.95 1.02 0.88 0.93

Table2 D_(A) of B12C4 and Cy12C4 in Their Complexes with Ln(NO,),
Ln—-B12C4 La Ce Nd Gd Lu Ln—Cy12C4 La Eu Lu

D, 0.97 0.95 0.92 0.87 0.87 D 1.28 1.02 0.96

[

Fof benzo substituted B12C4, because of clectron—withdrawing cffect of the substitucnt
and greater rigidity of the ligand, its D, changes very small within the Janthanide serigs. The
difference between La and Lu complexces is only 0.10 A (scc Tablc 2). The cyclohexyl substituted
Cy12C4 has much greater flexibility than B12C4, its D significantly decrcascs from La to Lu
complexes. The diffcrence rcaches 0.32 A .

From above discussion , it was found that the cavity of the crown cther changes with the
ionic radius of the rare carth clement, which was similar to “sclf—asscmbling” in biological sys-
tcm.

2. The effcct of bonding force between crown ether and the mctal ion on the crown cavity

Crown cther molccules in their rarc carth complexes may coordinate to tiw metal ions or
form hydrogen bonds with coordination watcr molcculces, in somc compounds they arc held in
the lattice b)} wcak molccular interaction. From Tablec 3 we can sce that these forces have a
dramatic cffect on the crown cavity. For cxample, 18—crown—6 has an avcrage D, of 2.33A
(4-6) 1t changes to 2.75A in hydrogen bonded com-
plexes [RE(NO,),(H,0),]. 18—crown—6 7 and reaches 2.91 A when the interaction is much

weaker van der Waals force as in [18—crown—6 - 2McC}N]. These different D, valucs are clearly

when it coordinates to the RE(T) ions

related to the different conformations of the crown ligand under various bonding forces.

Table3 DJ(A)of Crown Ethers undcr Various Intcraction

ion—dipolc intcraction hydrogen bond van dcr Waals force
18C6 2.33 275 2.88
B15C5 *1.34 1.56 1.73
12C4 0.96 1.09 1.43
15Cs5 1.40 1.59
16CS 1.49 2.01
[2,2] 235 2.67 2.84

3.The cffcct of nitratc group rcarrangement on the crown D,

Another important phcnomenon of rarc carth crown cther complexcs is that the rcaction of
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Ln(NO,), * nH,0 with somc crown cthcr molecules can resuit in the rearrangemcent of nitrate
groups and formation of complexed cation and polynitrato anionic specics. Four types of
rcarrangement, 63 2, 57 2, 5 1 and 4: 2 have been reported, as in the following

reactions ¢*71%% .

Eu(NQ,), + 18C6——=["u(NO;)J[Eu(NO,),(18C6)],

La(NO,), + Cy,18C6— -IT 2 NO,)/[La(NO,),(Cy,18C6)],

Eu(NO,); + [2,2,2]—=[Eu(NO,),(H,0)][Eu(NO,)[2,2,2]]

Eu(NO,), + 16C5%>[Eu(‘NO,)4(H20)2][Eu(N03)2(16C5)(McCN)]

The formation of complexed cations decreascs the coordination number of RE() ion and
weakens the steric intcraction, thus the crown ligands have greater flexibility than that of nor-
mal complexcs as illustrated by the data in Table 4.

Table 4 D_(A) of Complexed Cations and Corresponding Normal Complexes

normal complex . D, complexed cation D,

Ln(NO,);(18C6) 2.47 [La(NO,),(18C6)}* 2.13
Ln(NO,),[2,2] ’ 2.40 [Eu(NOy),2,2]]* 2.18
La(NO,),(16C5) 1.40 [Eu(NO;),(16C5)(McCN)J* 1.58

4.The cffect of substituent on the crown nitrogen atom on the D,

The D, valucs for [2,2] in La(NO,),(2,2] ', La(NO,),(L,) (L,=N—trizolemcthyl—[2,2])
and La(NO,),(L,) (L,=N,N-bis(bcnzotrizolemcthyl)—[2,2]) arc 2.42, 2.51 and 2.57A
respectively, which indicates that the crown cavity cnlarges with the increasing number of the
substitute groups. This may result from the reduction of clectron density on the nitrogen atoms
and weakening of the Ln(TlT) / crown intcraction.

5. The relationship between D;/ D, ratios and structures of complexcs

We discuss mainly complcxes of struct. type T, Tl and M. D;/ D, ratios for thcsc com-
plexes arc listed in Tables 5, 6 and 7 respectively. From thesc data four approximate rules can be
rationalized: .

a.if D;/ D.> 1.4, thc complexes formed gencrally belong to struct. type T

b.if D,/ D, is in thc range of 0.8 to 0.9, complexcs of struct. type 11 could be isolated;

c.if D;/ D < 0.8, thc crown cthcr in its complcxes is most propably hydrogen—honded with
the mctal—coordinated water molccules (struct. type TT);

d.if0.9< D,/ D < 1.4, the structurc of complex isolated can be cither type TIT or type V.



. 344 « A B & E % # 10 %

. Tablc 5 D,/ D, Data for Complexes of Struct. Type I

complex ' D,/ D, complex D,/ D,
La(NO,),(12C4)(H,0) 2.02 Eu(NO,),(Cy12C4) 1.86
Pr(NO,)(12C4) 2.13 Lu(NO,),(Cy12C4) 1.77
Nd(NO,),(12C4) 2.07 La(NO,),(B15C5) 1.61
Sm(NO,),(12C4) 2.02 Pr(NO,),(B15C5) 1.50
Eu(NO,),(12C4) 1.86 Sm(NO,),(B15C5) 1.46
Y(NO,),(12C4) 2.00 Gd(NO,),(B15C5) 1.39
Yb(NO,),(12C4) 1.84 La(NO,),(15C5) 1.57
La(NO,),(B12C4)(H,0) 2.19 Ce(NO,),(15CS) 1.48
Pr(NO,),(B12C4) 2.25 Pr(NO,),(15C5) 1.41
Gd(NO,),(B12C4) 2.17 NdA(NO,),(15C5) 1.46
Lu(NO,),(BI2C4) 1.95 La(NO,),(16C5) 1.52
La(NO,),(Cy12C4) 1.66 La(NO,),(Me,16CS5) 1.51
Pr(NO,),(Mc,16C5) 1.43 '

Tablc6 D;/ D, Data for Complexes Table 7 D,/ D, Data for Complexcs
of Struct. Type Il ‘of Struct. Type I
complex D,/ D, complex ‘ D,/ D,
La(NO,),(18C6) 0.86 I B
Ce(NO,),(18C6) 0.82 [Eu(NO,),(H,0);] * (15C5) 1.36
" Nd(NO,),(18C6) 0.82 [Sc(NO,),(H,0),] « (15CS) 0.97
La(NO,),[(2,2] 0.83 [Lu(NO,),(H,0),(McCN)] « (15C5) 0.97
Ce(NO;y),{2,2] 0.83 [Lu(NO,),(H,0),] * (16C5) 1.27
Pr(NO,);(2,2] 0.80 [GA(NO,),(H,0),] + (18C6) 0.79
Nd(NOy),(2.2] 0.79 [SCc(NO,),(H,0),] + (18C6) 0.58
La(NO,),(L) 0.85 [Lu(NO,),(H,0),] - (18C6) 0.73
La(NO,),(L,) 0.83

These rules may be illustrated by the characteristics of each type of complex. The rare carth
ion is larger than the crown cavity in complex of struct. type T, it resides above the crown planc
and forms a pyramid with crwon oxygen atoms, thus D;/ D_> 1.4 is dcsirable. When D,/ D, is
in the range of 0.8 to 0.9, D, is slightly smaller than D, , so thc RE(IlT) ion can be encapsulated
in the crown cavity by ion—dipolc intcraction. If D, / D, <0.8, the rarc carth ion is too small to
fit the crown cavity, struct. typc IT would bc unstablc, however complex of struct. type Tl can
bc formed duc to the stahilizing cffccts of polymcric hydrogen bonding chains or networks.
Complexcs of struct. type T or IT arc uncasy to form if D,/ D, is in the range of 0.9 to 1.4 duc
to strong stcric intcraction. Struct. typc [l arc able to form undcr this circumstance (sce Table
4). Complcxes of struct. type [V may also be crystallized for the formation of complexed cation
can reduce the coordination numbcr of the mctal ion and decrcasc the steric crowding, for cx-
ample, D,/ D in compicx cation [Eu(NO,),(16C5)(McCN)]" is 1.20.
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