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[NH3(CH2)sNH 】[Fez(O3PC(CH3)(OH)(PO3H)}2 J．2H20 
一 个新的二膦酸亚铁化合物的合成、结构与性质研究 

宋会花 ‘ 郑丽敏 - 朱广山 施 展 冯守华 高 松 忻新泉 

( 南京大学配位化学国家重点实验室，配位化学研究所、南京 210093) 

( 吉林大学无机合成与制备化学国家重点实验室，长春 1 30023 J 

( 北京大学稀土材料化学与应用国家重点实验室，北京 100870) 

通过水热台成得到一十新的有机二膦酸l证铁化台物[NH (oH J Nfl ][Fe {O PC(CH3)(OH)(PO H)J：]·2H O，该化台物 

包含阴离子型共价双链[ 【0，PC(CH )(OH JPO H} ] ，质子化的戊二胺和结晶水，双链~l'n3通过强氢键掏成一个开放掣的 

骨架结构。另外，观察到亚铁离子之间存在弱铁磁性相互作用。 
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Synthesis．Structure and Properties of a New Iron(m Diphosphonate： 

【NH3(CH2)5NH3】【Fe2{o3PC(CH3)(oH)(PO3H)}2】·2H2O 

SONG Hui-Hua。 ZHENG Li—Min 。 ZHU Guang-Shan SHI Zhan 

FENG Shot J·Hua GAO Song XIN Xin—Ouan 

(。State协 Laborato~of Coordination Clv,mistry Coordination Chemist~-Institute，Nanfing University，Na ng 21 0093 J 

Key laboratory ofInorganic Synthesis and脚 aratit~Chemistrr Department ofChemistry，Jilin Universit3",Changchun I30o23) 

( State Key Lab of Rare Earth MaterioJs Chemis O"and Applications Peking Unit~rsity，Beo'ing 100870) 

Under hydrothermal conditions，a new iron fⅡj diphosphonate namely [NHs(CH2)sNH3][Fez {OsPC(CH ) 

(OH)(POoH)J 2】’2H20 was synthesized and structurally characterized．The compound contains covalent double 

chains of [Fe2 fO~PC(CH3)(OH)PO3H)2] 2n，charge balanced bythe protonated pentamelh?-lenediamine．The 

double chains are held together by very strong hydrogen bonds，forming a three—dimensional open network Weak 

ferromagnetic coupling is observed r lhe compound． 

Keywords： iron diphosphonate co．stal structure magnetic pro perty M fssbauer spectra 

0 Introduction 

An increasing attention has been paid to the melal 

phosphonate chemistry-in recent years，primarily due to 

their potential applications in ion exchanges， absorp一 
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tions and sensors A number of phosphonate corn． 

pounds have been prepared，among which compounds 

with open framework or porous structures are of Il1．0St 

interest~ ⋯ 

As extension to our previous studies of template 
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lt]['[uences on directing the structures of transition metal 

phosphonates． based on 1-bydr0 yethylide口ediph0。p— 

honate[hedp．0 PC(CH3)(OH)(P0 J “；61．herein 

we report the structure and magnetm propem es oI a new 

iron．hedp compound [NH](C ĤJ sNH ][Fe! f03Pc 

(CH3)(OH J(PO3H)}2]·2H20(1) Fo the best of our 

knmdedge iron phosphonate compounds reported 

so far are still rather limited in nunther． ineluding 

HFe (C H PC H)。，HFe (RPO )z·f O(R=C2H 

C6 )，HFe (CH PC，)2【 ．1ee“(C H PC3)· 

H2O 。，[Fe (H2O J 2(O3PCH2PC3H)2](H2O) 1 21 ，aM 

[NH fCH：J NH3][Fe f03PC(CH3)(OH】(PO3H))21 
· H 0【I ． 

1 Experimental 

1．1 Materials and M ethods 

All the starting materials were reagent grade used 

as purchased Elemental analyses were performed on a 

PE 240C elemenlal analyzer． Infrared spectra were 

reeorded on a IFS66V spectrometer with pressed KBr 

pellets． Mgssbauer spectrum was carried otlt with an 

Austin S-600 M6ssbauer spectrometer using 8 Co／PcI 

source The instrument Was calibrated by a standard 

sample of Na3[Fe(CN)5(NO ]·2H2O(SNP)at room 

temperature．The isomel shift was reported relative to 

SNP．Variable·temperature magnetic susceptibility data 

were obtained on polycrystalline sample (38 grog1 

from 2to姻 300K lD a magnetic矗eld of10kOe aner 

Z'DFO-field cooling using 8 MagLab System 2000 mag— 

netometer． Diamagnetic COnections were estimated 

from Pascal‘s constants； ． 

1_2 Synthesis of【NH3(cH2)5NH3̈ Fe2{03PC 

(cH )(ott)(Po H))：】·2H O(1) 

Hydrothermal treatment of a mixture of FeSOd· 

7Hz0(1mmol， 0 2787g)，50％ hedpH4(1 cm )。LiF 

(1mmol，0．0265g)and H 20 (8era 1，adjusted by 1． 

5-pentmnethylenediamine to pH 3 5． at 140℃ for 

48h resulted in the monophasic colorless needle 1ike 

crystals The ery
．
'stals were further used for single crystal 

structure determination and property measurements． 

Ana1．Caled．for C9H30Fe2N 20t6P4：C．1 6．16；H．4．88； 

N，3 77％ ．Found：C．16 25：H_4 79；N，3
． 74％ ．IR 

(KBr J：3653m，3426s，3260s(br)，1676m。1628m． 

1563m， l53Om， 15O2m， 1474m， 14l8w． 1 371w． 

1l 35s，1006s．924s．901 s，793m，669w，568m
． 497w． 

462w． 4l6m． 407m ·cm～．Same compound can be 

obtained without the addition of fluoride The tom— 

pound is not stable and cat]be oxidizeri in air sicwly． 

as suggested by jts brown color Oil the crystal surfaces． 

1．3 Crystallographic Studies 

A single crystal with dimensions 0，15 x 0．06× 

0．06mm was used for structural determination on a 

Siemens Smart—CCD diffractometer using graphite— 

monochromated MoKa radiation(̂ =0．71073A) at 

room temperature． Intensity data were eollecte(I in 

127l frames The data were integrated using the 

Siemens SAINT program ． with the intensities cor— 

retted for Lorentz faetor，polarization，air ahsorplion
． 

and absorption due to varfatien in the path ／ength 

tbrough the detector fiaceplate． Empirical absorption 

correction was applied． 

The structure was solved by direct nmthod an(i 

refined on P by fu11．matrix least squares using 

SHELXTL ．All non—hydrogen atoms except the C 

and N atoms in lNH3(CH2)5N ]“ were refined with 

anlsotropic displacement parametet~． The pen— 

tan1ethvlenediammonium cations are disordered over 

two sites， each with occupancy fa(tors fixed at 

0．33333 and 0．16666．respectively．The C-C and C- 

constraints were used in the funher refinements． A1I 

hydrogen atoms except those in [NHs(CH2)j J“ 

were loeated in difference electron density maps an(j 

refined with the isotropic displacement parameter~ 1．2 

or 1．4 times the preceding norntal atoms The hydrogen 

atoms in[N H1(CH2)jNH]]“ were placed in calculatelI 

positions．The disordered C and N atoms and all hv 

drogen atoms were refined isotropically Crystallo— 

graphic data are summarized in Table 1，atomic coot— 

dinates in Table 2，and selected bend lengths and an 

alesin Table 3． 

2 ResulIs and Discussion 

2．1 Description of the Structure 

Compound 1 cr)'stallizes in space group P2I／c
． It 

contains anionic double chains of [Fe f O，PC fCH3) 

(OH)(PO3H)】2] ，charge balance~I bv pmtonate(t 

pentamethylenediamine(Fig．1 and 2) The double 

chain ；s constructed from two equivalent single chains 

by edge—sharing of the{FeO6】oetahedra．Within each 

single chain，the diphosphonate (O PC(CH])fOH】 
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Table 1 Co'stallographic Data 

，卜J 

r／A 

D ／(g·cm ) 

’f0o。f 

(Mo‰ J／cl】I。。 

g∞d⋯ offit on P 

R1．w 。【f>2 (f) 

(al】山￡8 J 

c J～，(却 )⋯／(e- 

C，th EN Fe20 P 

657 93 

2 

5 5407【11) 

t2 726f2} 

l6 l37I4) 

99 38(21 

ll22 7I4 J 

l 946 

076 

】6 57 

】053 

0 0350，0 0892 

0 044l，0 0922 

 ̂ ) 0 433．一0 377 

‘见 ： II FoI—I cII／ I， 

w琏 =【∑ (Fo 一 ) ／∑ -( ) ]” 

(PO3H)】 bridges the Fe atoms in a his(chelating) 

,node using O(1)，O(2)，O(4)．O(5)and O(7)atoms 

Therefore．the double chain structure can be viewed as 

a ladder with the {Fe2( 0)2)as the rung and the 

{O PC(CH,)(OH)(PO,H】j group as the rail IFig 

1) The Fe atom，sitting at an imrelsiot7(：enter，}】H a 

distorted octahedral geomeUy The Fe—O bond hmgths 

[2 057(3)一2 338(3) A]ore comparable to those 

iI1 the other Fe(Ⅱ】一phosphonate compounds ： The 

Fe(1)⋯Fe(1B)distance overthe —O bridgeis 3．417 

A and the Fe(1)一O(4)一Fe(1B)angle is 101 3(1)。． 

Thc bond valence su『l_calculate~j fi>r I"e is l 97‘：sl 

The phosphonate oxygens in 【OdPClCH I{Oil J 

(PO3H)】 in the title compound is singly protonate cl 

Each phosphonate group presents 1)"e terminal bonditag 

with a slightly longer P-O distance[P(1)一O(3)1．541 

f3I A P(2 J．0(6)1．540(3)A] The hydrt g~ atom 

must link the two terminal oxygen atoms in fJlder 1o 

satisfy the valence of oxygen． Snbsequentl7． a very 

strong hydrogen bond is found between the neighhoring 

(touble chains with the 0(31—0(6。1 distant 2 454A 

Hence a three—dimensional supra—molecular network 

structure is built up from hydrogen bonded[F “【() PC 

(cH )(OH)(PO H))。]a211 double cbains with 0n 

dimensional channels generated along the [1 O0】t 

Table 2 Atomic Coordinates and Equivalent lsotroplc Displacement Parameters(A】)for 1 

KtoIn U{eq) Rtonl = q， 

Fe(t) 0 3839(t) 0 05】21l J 0 0831【t) 0．02l(11 P【I) 0 8913(2 J 0 I 483{1) 0 1579IIl 0 O：1{1) 

Pl2 J 0 8966(2) 一0 083l(t) 0 l176【t， 0 0I9I1) 0(1】 0 6644f5) 0 l627(2) 0 0924I21 0 023l1) 

O c 2) 1．I 358(5) 0 1589f2) 0 l284(2) 0．0291l J Ol 3 J 0 8674l61 0 2245(3) 0 2304I2) 0 034{I) 

0(4) 0．6829l5) 一0 0609l2) 0 0477(2) 0 022(1 J O(5) t I50Il 5 J 一0 07l4l2) 0 0950(2l 0 026{I) 

0(6) 0 8604(6) 一0 1937l2) 0 i522【2) 0+03lll】 0l7 J 0 6】22l6 J 0 0095【3， 0 2I 39I21 0 026{I) 

O c1W1 0，5703l8) 一0 1612l3) 0 3092【3) 0 057(1 J CI2) t 0448l8) 一0 0026(4) 0 2798(3) 0 027{1 

C(1) 0 8656(7) 0 0t4】f4 J 0 l993f3) 0．02011) (̈ 0 5860(40) 0 2552【11) 一0 0693lI 31 0 0l7{2 

N(2 J 0 3770(40】 0 7429(t0) 0 0570(11) 0 0I7(2) C【1l J 0 7420l3O) 0 3477【11) 一0 0718lI 3 J 0 058I2 r 

cft 2 J 0 6730(30】 0 4448(12) 一0 0309【1 3 J 0 058—2‘ C¨3 J 0 4250f3O O+4553【1l1 —0 0058l I 2 J O O58【2， 

cIt4】 0．3200(30】 0 5650l【1) 一0．0026【11) 0 058(2 J c(】5 J 0 3930(4O) 0 6296门O】 0 0_]8llO) O 058I2， 

【2l J 0 6750(50】 0 2457(i6) 一0．0782(】9) 0 0】7(2】 NI12) 0 3850 50) O 728】【】5 J 0 】045l I 5) O 0】7I2 

c【21 J 0．7190(50) 0 3500 L20) 一0．0400(30) 0 058(2 J cI22) 0 473O(5O) 0 383 门7 J —O 0l90I20】 O O {2) 

C(23】 0．4250【60) 0 4984l i8) 一0．0287I15) 0 058(21 Cf241 0 4020(7O) 0 5468【】71 O 0557I I 8j O O58{2 

Cf25) 0 5140(60j 0 6546(i9 J 0．0580(20】 0 058(21 

州 q】js ned船 0ne 1̈】Td 0n l⋯ 0f e onh。 】】zeJ uu tens0 

Table 3 selected B0Ⅱd LengtI1s(A)and An目es(。)f0r 1 

Sr⋯ et t ns m at【0⋯ sed i。g⋯ mte q L ukIli at0ms  ̂ —l，y，：，B： 一 l，一 ～  
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Table 4 Hydrogen Bonds(A，。)for 1 

N(2I)一H(2IC)·O(6l o 89 2．22 3 08(2j 164 2 N(21)一H(2IE) 0fI) 0 89 2 20 2 96l3 J 142 9 

Symmet~ I⋯  m atio ased to generate equivalent a[olrl~： 

iii — +1，Y—I／2，一 +I／2：iv： 一 +2． ～1／2， + 

Fig．1 A fragment of the double chain in 1 with atomic 

labeling scheme l50％ probability) 

At[H atoms except H【3)are omitted for c／arlty 

reetion (Fig 2)．The disordered[NH3(CH2) NH3]“ 

cations and water molecules reside in the channels with 

extensive hydrogen bonding interactions(Table 4 J． 

Compound 1 is isostructural Io[NH3(CH2)4NH、][Fe2 

iO Pc(cH3)(OH){PO，H))2]-H20，previously re— 

ported by us as a communication!。 ． 

2．2 M ／Jssbauer Spectrum 

The lOoill temperature M~ssbauer spectlxlm for the 

title compound is shown in Fig 3． It can be least 

squares fitted with one doublet corresponding to the one 

type of iron components． parameters 6 (isomer 

shift) and ABe(quadrupole splitting)obtained are 

1．63 and 1 35mm ‘s—i，respectively，typical of high— 

spin Fe fⅡ)ions ’ ”．The result agrees well with the 

magnetic measurements． 

2．3 MagneticProperties 

Fig．4 shows the temperature dependent molar 

magnetic susceptibilities in the forms of M and M T vs 

T plots for 1．The effective magnetic moment at 298 K 

{6．16 m per Fe)is much higher than the spin—only 

value of 4．90 for S=2． attributed to Ihe orbital 

contribution of high spin (I1)ions．The Weiss con— 

stant， determined in the temperature range 100 to 

300K， is +22．7K， suggesting a weak ferromagnetic 

n 

l̈J 

Fig 2 Cryslal packing of 1 viewed along Ⅱ-"axis 

All H atoms except Hf3 J are entitled“)r clarity 

{ L
一 ． ． 一  

．6 -4 —2 0 2 4 6 

~clocity，(『 m s) 

F g 3 M sbatier spectrum for 1 

exchange between the magnetic centers The feFro 

magnetic interaction is confirmed by the slow increasing 

。f T o／1 cooling from roD／I] temperature bef*~ a 

maximum is reached at 62K． Below 62K． the ~1 T 

value drops rapidly which could be caused by the zeFo· 

field splitting of the ground slate According to the 

slrtmlure mentioned above． compound 1 contains a 

double chain structure linked by strong hydrogen 

bends． Within the double chain． there exists oxygen 

bridged {Fe2％)dimers．The dimers are further co／1一 

necled by O—P一0 bridges． As the 0一P一0 bridge is 

usually nol efficient in mediating the magnetic inlerae— 

tions because of electron loc ization． tt】e durni【lant 

乏 一 

／  ． 

+  

， }  

l  ̈ 一 

吃 

J  

～ 

．  一 n 
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_二 

l 

E 

Fig．4 H and T vs T plots for 1 

ferromagnetic coupling observed in 1 should he mairdy 

attribute to the lFe2O2)dimers．The theoretical fitting 

using an isotropic dimer model for S=2 based on the 

data in the temperature range 60～300K． 1ed to pa- 

rameters g 2．56．J： +1 21cm一．A similar fitting 

based on the data in the whole temperature range was 

not succesffu1． Ferromagnetic excbm~ge couplings afe 

also observed in the other,o．-O or x (X：F，CI) 

bridged dfferrous complexes where the Fe·O(X)一Fe 

anglesfallinthe range 91 9t。101．7。 291．The 

Fe·0一Fe angle in 1 is 101．3 

In summary，this paper reports a new iron lI1) 

diphosphotrate chain compound， [NH3(CH2)4N地] 

[Fe2 lO3PC(CH3)(OH)(PO3H))2】·2H2O．The very- 

strong inter-chain hydrogen bonds connect the chains 

into an open network structure．A dominant~erromag． 

netic interaction is obsei'ved 
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