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PCP — porous coordination polymer

Interactions with different types of substrates: adsorption, absorption, chemisorption

Dynamics of structure:
mutual arrangement of the elements of the crystal lattice (gates opening, breathing)
interaction with substrate (coordination on the metal atom, H-bonding)

PCP with paramagnetic ions - magnetic properties
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Modulation of the magnetic properties of PCP in the interaction with diamagnetic
substrates

1. Change of coordination environment of paramagnetic metal ion

2. Formation or breaking of bond in the group, which transmits exchange interactions
3. Change of bond lengths and angles without new bonds formation or bonds breaking

in coordination polymer /
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1. Change of coordination environment of
paramagnetic metal ion

2. Formation or breaking of bond in the group, which
transmits exchange interactions

3. Change of bond lengths and angles without new bonds
formation or bonds breaking in coordination polymer
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(tetrenH;), ({Co(H,0),[W(CN);]},-12H,0 (tetren = tetraethylenepentaamine)
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(tetrenH;), ({Co(H,0),[W(CN);]},-12H,0 (tetren = tetraethylenepentaamine)
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(tetrenH;), ({Co(H,0),[W(CN);]},-12H,0 (tetren = tetraethylenepentaamine)
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KCo,(OH),(1,3-bdc).(H,0),-12H,0 <> KCo,(OH);(1,3-bdc), (1,3-bdc =1,3-

benzenedicarboxylate)
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[Cu(pz),(NH,)] <> [Cu(pz),] <> [Cu(pz),(H,0)]
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[K,(H,0),Mn(H,0),(MeCN){Mo(CN),},]-2H,0 <> [K,Mn.{Mo(CN),}]
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[Mn;(hpdc),(H,0).]-xH,0 (H;hpdc = 2-hydroxypyrimidine-4,6-dicarboxylic acid)

A1-H,0 — A2-2H,0
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Cu3[W(CN);l,(pym),-8H,0 € Cus[W(CN),],(pym),-3/2PrOH-9/4H,0

-
fud
e

Magnetization / 10° G em’ mol
R+ 9
Magnetization f ug
2 [

2

T.=9.5K

]

' -4

0 5 10 15 4000 2000 O 2000  400C
Temperature / K Magnetic field / G
X T (293 K) = 2.22 cm3 K mol? XmT (293 K) = 1.99 cm? K mol

10 % decrease of x,,T at 293 K

Ohkoshi, S.; Tsunobuchi, Y.; Takahashi, H.; Hozumi, T.; Shiro, M.; Hashimoto, K. Synthesis and Alcohol Vapor
Sensitivity of a Ferromagnetic Copper—Tungsten Bimetallic Assembly. J. Am. Chem. Soc. 2007, 129, 3084-3085



[{Mn(Hdmal)(H,0)},Mn{Mo(CN),},]-2H,0 (L = N,N-dimethylalaninol)
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[Na(H,0),],[Mn,{Cu,(mpba),(H,0),};]-56.5H,0
(mpba? = N,N’-1,3-phenylenebis(oxamate))
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1. Change of coordination environment of paramagnetic
metal ion

2. Formation or breaking of bond in the
group, which transmits exchange
interactions

3. Change of bond lengths and angles without new bonds
formation or bonds breaking in coordination polymer



[Mn(NNdmenH)(H,0)][Cr(CN).]-H,0 €2 [Mn(NNdmenH)][Cr(CN)]
(NNdmen = N,N-dimethylethylenediamine)
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[Mn(rac-pnH)(H,0)Cr(CN).]-H,0 € [Mn(rac-pnH)(H,0)Cr(CN).]-H,0

(rac-pn = racemic 1,2-diaminopropane)
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[Cu,M(tzdc),(H,0),]-2H,0 (M" = Fe or Mn, tzdc*
dicarboxylate)
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1. Change of coordination environment of paramagnetic
metal ion

2. Formation or breaking of bond in the group, which
transmits exchange interactions

3. Change of bond lengths and angles
without new bonds formation or bonds
breaking in coordination polymer




Guest-Dependent Spin Crossover in Fe,(azpy),(NCS),-Solv (azpy is
trans-4,4'-azopyridine)
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Thermal Induced Spin Crossover [Fe',(ddpp),(NCS),]-4CHCI,
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[Fe(u-atrz)(u-pyz)(NCS),]-xH,O (atrz = trans-4,4’-azo-1,2,4-triazole, x = 4, 2, 0)
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Chemo-Switching of Spin State in [Fe(pyz)][Pt(CN),]-xSolv
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[{Ru,(0,CPh-0-Cl),},TCNQ(MeO),]-CH,Cl,
(0-CIPhCO, = o-chlorobenzoate; TCNQ(MeO), = 2,5-dimethoxy-7,7,8,8-
tetracyanoquinodimethane)
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[Ni;(OH),(cis-1,4-chdc),(H,0),]-2H,0 (1,4-chdc = 1,4-cyclohexanedicarboxylic)
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[Ni(cyclam)];[W(CN);],-16H,0 -> [Ni(cyclam)];[W(CN);], (cyclam = 1,4,8,11-
tetraazacyclotetradecane)
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[Ni(dipn)],[Ni(dipn)(H,0)][Fe(CN)],"11H,0

(where dipn is N,N-di(3-aminopropyl)-amine)
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C - [Ni(dipn)],[Ni(dipn)][Fe(CN)4],
(dehydrated in vacuum at 100 °C)
B’ - [Ni(dipn)],[Ni(dipn)(H,0)][Fe(CN)¢],-12H,0
(rehydrated from B)
. : , . 300 ——r———————

(a) (b) )
= ™ .I. o®
5 .| E R '
= et — = 100 / 00
Lo Lo, /
] PR R R R
40 ! : . - 10 20 30 0O 02 04 06 08 1
I 26/ deg. PIA,
. 30F g
g g A( )-T.=8.5K,H_=3500e
E 20 £ B()-T.=6K, H.=500e
3 B’( )-T.=85K,H_=3500e
10F . .
_ C( ) - no magnetic ordering
0
0 10 T/K 20 30 Yanai, N.; Kaneko, W.; Yoneda, K.; Ohba, M.; Kitagawa, S. Reversible Water-

Induced Magnetic and Structural Conversion of a Flexible Microporous
Ni(Il)Fe(lll) Ferromagnet. J. Am. Chem. Soc. 2007, 129, 3496—-3497.



[Ni(en),];[Fe(CN).],-xH,O (en = 1,2-ethylenediamine, x = 3, 2 and 0)
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Ty = 84K, BC-035T

Herchel, R.; Tucek, J.; Travnicek, Z.; Petridis, D.; Zbofil, R. Crystal Water
Molecules as Magnetic Tuners in Molecular Metamagnets Exhibiting Antiferro-
Ferro-Paramagnetic Transitions. Inorg. Chem. 2011, 50, 9153-9163



Transformation and guest modulation of cooperative magnetic
properties Co,(ma)(ina) (ma* = malate, ina™ = isonicotinate)

Co—Q [Co,(C4H305)1,™

L] c
: 0_ P e ——
- S = —_ :" :-,‘_‘-!
- —

Cﬂ_b\CO'G\‘c‘gD\

Co

.

\beb'\'b =

l,heatng "ozfsg'

g = =
;soaked in 293 K 93K 293&93K 293&93K
| =t —— | = HCONH; <k i — | —

Zeng, M.-H.; Feng, X.-L.; Zhang, W.-X.; Chen, X.-M. A robust microporous 3D

cobalt(ll) coordination polymer with new magnetically frustrated 2D lattices:
single-crystal transformation and guest modulation of cooperative magnetic
properties. Dalton Trans., 2006, 5294-5303




Transformation and guest modulation of cooperative magnetic
properties Co,(ma)(ina) (ma* = malate, ina™ = isonicotinate)

_ 1-2H,0 1-MeOH 1-HCONH,
1.2H,0 1.MeOH 1.HCONH, 1 \ - e ;
' / N / ‘ N,
o 0 0--¢ 0 M
P 667  6.32 6.25 6.44 VAT L o O
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Zeng, M.-H.; Feng, X.-L.; Zhang, W.-X.; Chen, X.-M. A robust microporous 3D
cobalt(ll) coordination polymer with new magnetically frustrated 2D lattices:
single-crystal transformation and guest modulation of cooperative magnetic

properties. Dalton Trans., 2006, 5294-5303



[Fe'(ClO,),{Fe"'(bpca),}]ClO,-3CH;NO, (Hbpca = bis(2-pyridylcarbonyl)amine)

high-spin Fe(ll)

SCM

Solvated - A/lkg = 21.9(3) K

Loss 3CH;NO, at 30°C Desolvated - A/kg to 26.0(9) K

Kaneko, Y.; Kajiwara, T.; Yamane, H.; Yamashita, M. Solvent induced
reversible change of magnetic properties in a Fe(ll)—Fe(lll) single chain
magnet. Polyhedron, 2007, 26, 2074-2078



[Fe,MO(Piv).(4,4’-bpy), ;-2Solv] , (M = Ni, Co)

d,A P, deg

t 120  10,800(5) 63,56(1) 0,21 91,755(1)

150  10,849(5) 64,38(1) 0,22 91,96(4)

DMF 4 10,930(5) 65,36(1) 0,22 93,470(6)

‘ 260 11,242(8)  68,525(7) 0,27 95,72(1)

296  11,277(4)  69,208(9) 0,27 96,22(1)
1 R __ Vol DEF 173 11,357(5) 71,51(5) 0,28 -
260 11,447(5)  72,290(7) 0,30 -

Polunin, R.A.; Kolotilov, S.V.; Kiskin, M.A.; Cador,
0.; Golhen, S.; Shvets, 0.V.; Ouahab, L.; Dobrokhotova, Z.V.; Ovcharenko, V.I.; Eremenko, I.L.; Novotortsev, V.M.; Pavlishchuk, V.V. Structural flexibility and sorption properties
of 2D porous coordination polymers constructed from trinuclear heterometallic pivalates and 4,4'-bipyridine. Eur. J. Inorg. Chem., 2011, 4985-4992



[Fe,MO(Piv).(4,4’-bpy), ;-2Solv] , (M = Ni, Co)
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Y \ai .'l’ 160 T0,930(5] 55,30(1] U,ZZ 93,470(0]
f ‘ 260 11,242(8) 68,525(7) 0,27 95,72(1)
296 11,277(4) 69,208(9) 0,27 96,22(1)
DEF 173 11,357(5) 71,51(5) 0,28 -
260 11,447(5) 72,290(7) 0,30 -

Polunin, R.A.; Kolotilov, S.V.; Kiskin, M.A.; Cador,

0.; Golhen, S.; Shvets, 0.V.; Ouahab, L.; Dobrokhotova, Z.V.; Ovcharenko, V.I.; Eremenko, I.L.; Novotortsev, V.M.; Pavlishchuk, V.V. Structural flexibility and sorption properties
of 2D porous coordination polymers constructed from trinuclear heterometallic pivalates and 4,4'-bipyridine. Eur. J. Inorg. Chem., 2011, 4985-4992



Compounds, magnetic properties of which are governed by
properties of isolated ions

[Co,(H,0),][Re¢Ss(CN),]-10H,0

= 20 % decrease of x,,Tat T> 100 K

(tetrenHs), ({Co(H,0),[W(CN)g]},-12H,0

= 20 % decrease of x,,T at room temperature

Compounds, magnetic properties of which are governed by exchange
interactions, but which do not undergo ferro- or antiferromagnetic

ordering

Cu(pz),:(H,0)

Jeyc, €M —145.5(3) > —141.8(7)

[Mn;(hpdc),(H,0)]-H,O

Jvn-mn €M1 —0.88 - —1.57
zJ)'-,cm?: +0.02 > -0.47

[Cu,Fe(tzdc),(H,0),]-2H,0

Jey.cw ML —195(7) > —182(6)
9, K: 1.1(1) > 0.5(1)

[Cu,Mn(tzdc),(H,0),]-2H,0

Jeycw CML: —174(4) > —151(2)
9", K: 0.51(1) > —0.26(1)

Fe,CoO(Piv).(4,4"-bipy), -2DMF

D.,, cm™:58(3) - 40(2)
Jeo o, €M1 =34.3(5) > —36.7

[{Fe,O(HCOO) . {Mn(HCOO),(H,0),}]-3.5HCOOH

zJ)',cm*:-0.16(4) > -1.42(5)

[Fe''(ClO,),{Fe"(bpca),}]CIO,-3CH,NO,

A/kg, K: 21.9(3) > 26.0(9)

[Ni(en),];[Fe(CN)¢],-3H,0

B, T: 1.1 > 0.35

Co,(H,0),(2,6-ndc),(DMF),-2H,0

U, K:—65.3 > -7.5

[Co,(1B),(BTEC)(H,0),12H,0

D¢,, cm': 80.15 - 65.38
zJ',cm™:0.42 > 0.75




Compounds, which undergo magnetic ordering

[{Ru,(0,CPh-0-Cl),},TCNQ(MeO),]-CH,Cl,

Ty=75K > T =56 K

[Mn(pydz)(H,0),][Mn(H,0),][Nb(CN),]-2H,0

T, K: 44 - 68 - 100

[K5(H,0)4Mn5(H,0)¢(CH,CN){Mo(CN),},]-2H,0

T, K:=82>72

[Mn5(4,4"-bipy)5(H,0),][Cr(CN)¢l,-2(4,4"-bipy)-4H,0

T., K: =80 > 45.3

Cus[W(CN)gl,(pym),-8H,0

T., K:9.5 > 12.0

[{Mn(Hdmal)(H,0)},Mn{Mo(CN)-},]-2H,0

T, K: 85 = 106

[Na(H,0),]4[Mn,{Cu,(mpba),(H,0),}.]-56.5H,0

T, Ki22.5 -5 2.3

[Mn(NNdmenH)(H,0)][Cr(CN).]-H,0O

T, K:35.2 > 60.4

[Mn(rac-pnH)(H,0)Cr(CN).]-H,O T, K:36 570
[Ni(dipn)],[Ni(dipn)(H,0)][Fe(CN)],-11H,0 T., K: 8.5 2 ca. 6 > no ordering at T >2 K

Co[Cr(CN)cl,/5-zH,0 T, K: 28 - 22

Ko ,Mn, ,Cr(CN).-6H,0 T, K: 66 - 99

K,Mn,(H,0).[Mo(CN),],-6H,0 T, K:39 572

(Cog41Mng co)[Cr(CN)¢l,/5zH,0

Disappearance of magnetic pole inversion effect

[KCo,(OH),(1,3-bdc).(H,0),]-12H,0

Disappearance of M vs. H hysteresis at 2 K

[Ni(cyclam)],[W(CN),],-16H,0 Ty, K:8.0->5.0
Co,(ma)(ina)-2H,0 Ty, Ki8><2

Co,(ma)(ina)-CH,OH Ty, Ki3.5><2

Co,(ma)(ina)-HCONH, Ty, Ki3.5><2

{Fe(Tp)(CN),},{Fe(CH,CN)(H,0),},-10H,0-2CH,CN

U, K: =2.95 > +7.43
No ordering -> metamagnet

[Cos(CH;0H)(p3-OH),(datrz)(sip)]-2.25H,0

Metamagnet (T, = 4.3 Kunder 0.7 kOe or T, = 5.3 K under
0.1 kOe ) - antiferromagnet (T, = 5.3 K)
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The Influence of Diamagnetic Substrates Absorption on Magnetic Proper-
ties of Porous Coordination Polymers
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Sergey V. Kolotilov® , Mikhail A. Kiskin®, lgor L. Eremenko® and Vladimir M. Novotortsev®
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31, Kiev, 03028, Ukraine
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119991 Moscow, GSP-1, Russian Federation

Abstract: Reported cases of the influence of guest molecules absorption/desorption o
ordination polymers (PCP) of transition metals are reviewed. Interaction of PCPs wit
netic susceptibility in wide temperature range, as well as can lead to change of the
temperature and other magnetic characteristics. The reasons of such influence can be
molecule coordination to metal ion or decoordination; formation or cleavage of bon
change interactions between metal ions; or change of bond lengths or angles in coor
lattice adaptation to the guest molecule.
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