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Abstract
C40H100Cl14Fe3N5, monoclinic, P21/n (no. 14), a = 19.549(2) Å,
b = 20.031(2) Å, c = 19.705(2) Å, b = 117.388(4)°, 
V = 6851.3(12) Å3, Z = 4, Rgt(F) = 0.0220, wRref(F

2) = 0.0529,
T = 100 K.

Source of material 
In a typ i cal ex per i ment 0.487 g (3 mmol) FeCl3 was dis solved in
con cen trated hy dro chlo ric acid sup ported by ap ply ing gen tle
heat. Diisobutylaminiumchloride (0.829 g; 5 mmol) was added to
the warm so lu tion and stirred re ceiv ing a yel low liq uid. At the

bot tom of the ves sel block-shaped, yel low crys tals grow within a
few days by iso ther mal evap o ra tion.

Ex per i men tal de tails
All hy dro gen at oms were iden ti fied in dif fer ence syn the ses. (The
H at oms of the methyl groups were al lowed to ro tate with a fixed
an gle about the C–C bond (HFIX 137 op tion of the SHELX-2013
pro gram [12]) with Uiso(H) set to 1.5Ueq(C). Hy dro gen at oms be -
long ing to CH2 groups were placed in cal cu lated po si tions and
were in cluded in the re fine ment us ing a rid ing model with Uiso(H)
set to 1.2Ueq(C). The hy dro gen at oms of the NH2 groups were re -
fined freely with their Uiso val ues set to 1.2Ueq(N).

Discussion 
Re cently, sim ple dialkylaminium salts at tracted con sid er able at -
ten tion due to their ferro elec tric prop er ties [1, 2]. Fur ther more,
salts con tain ing the tetrachloridoferrate(III) an ion are of par tic u -
lar in ter est for their mag netic be hav ior [3, 4]. This con tri bu tion is
part of our on go ing in ter est in salts of the sys tem dialkylaminium
/ halogenometallate [5-7]. The asym met ric unit of the ti tle struc -
ture con sists of five diisobutylaminium cat ions (dibuH+), two
chlo ride and three tetrachloridoferrate(III) an ions. The bond
lengths within the dibuH+ cat ions and the com plex [FeCl4]

– an -
ions are in the ex pected ranges. The con for ma tion pa ram e ters of
the five crys tal lo graphi cally in de pend ent dibuH+ cat ions are
partly ex tremely dif fer ent to ful fill the needs of pack ing and hy -
dro gen bond ing. Strong to me dium strong N–H···Cl hy dro gen
bonds (N···Cl dis tances range from 3.077(2) Å to 3.238(2) Å)
con nect the five dibuH+ cat ions with the two chlo ride an ions and
one of the [FeCl4]– an ions to a moi ety with the for mal
stoichiometry {(dibuH)5Cl2[FeCl4]}

2+ as shown in the fig ure.
Fur ther N···Cl dis tances in the range of 3.277(2) Å to 3.426(2) Å
may be in ter preted as weak hy dro gen bonds which con nect all
ions. The ti tle struc ture is in ex cel lent ac cord with re lated struc -
tures of dou ble salts in the sys tem aminium+/FeCl4

–/Cl–. In these
struc tures the chlo ride an ions form the short est hy dro gen bonds
whereas the [FeCl4]

– an ions form ex clu sively weak hy dro gen
bonds [8-11].
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Crystal: yellow blocks, size 0.25´0.30´0.38 mm
Wavelength: Mo Ka radiation (0.71073 Å)
m: 12.02 cm-1

Diffractometer, scan mode: Bruker APEX-II CCD, j and w
2qmax: 50°
N(hkl)measured, N(hkl)unique:  59974, 12065
Criterion for Iobs, N(hkl)gt: Iobs > 2 s(Iobs), 10851
N(param)refined: 610
Programs: SHELX [12], DIAMOND [13],

SADABS [14], SAINT [14]

Table 1. Data collection and handling.

_____________
      *  e-mail: reissg@hhu.de

H(11) 4e 0.218(1) 0.2755(9) 0.443(1) 0.030
H(12) 4e 0.215(1) 0.310(1) 0.380(1) 0.030
H(1A) 4e 0.2890 0.2333 0.3586 0.035
H(1B) 4e 0.2884 0.1886 0.4257 0.035
H(2A) 4e 0.3586 0.3178 0.4497 0.039
H(3A) 4e 0.4337 0.1906 0.4829 0.081
H(3B) 4e 0.4770 0.2611 0.4994 0.081
H(3C) 4e 0.4243 0.2373 0.4132 0.081

Ta ble 2. Atomic co or di nates and dis place ment pa ra m e ters (in Å2).

Atom Site x y z Uiso
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Fe(1) 4e 0.22678(2) 0.47522(2) -0.02664(2) 0.0203(1) 0.0159(1) 0.0163(1) 0.00069(9) 0.00930(9) 0.00057(9)

Fe(2) 4e 0.70438(2) 0.30121(2) 0.65131(2) 0.0263(1) 0.0167(1) 0.0202(1) -0.00060(9) 0.0126(1) 0.00080(9)

Fe(3) 4e 0.18061(2) 0.34451(2) 0.62052(2) 0.0213(1) 0.0163(1) 0.0163(1) -0.00266(9) 0.0111(1) -0.00101(9)

Cl(13) 4e 0.20732(2) 0.41582(2) 0.34813(2) 0.0280(2) 0.0206(2) 0.0159(2) 0.0017(2) 0.0122(2) 0.0006(2)
Cl(14) 4e 0.75236(2) 0.38768(2) 0.37703(2) 0.0250(2) 0.0195(2) 0.0184(2) -0.0010(2) 0.0109(2) -0.0004(2)
Cl(1) 4e 0.35071(2) 0.48919(2) 0.01792(2) 0.0195(2) 0.0351(2) 0.0301(2) 0.0023(2) 0.0081(2) 0.0062(2)
Cl(2) 4e 0.17584(2) 0.56667(2) -0.00860(3) 0.0290(2) 0.0209(2) 0.0347(2) 0.0019(2) 0.0158(2) -0.0063(2)
Cl(3) 4e 0.17502(2) 0.45364(2) -0.14984(2) 0.0304(2) 0.0226(2) 0.0168(2) -0.0020(2) 0.0110(2) -0.0001(2)
Cl(4) 4e 0.20615(3) 0.38935(2) 0.03069(2) 0.0426(2) 0.0218(2) 0.0209(2) -0.0055(2) 0.0173(2) 0.0008(2)
Cl(5) 4e 0.63235(3) 0.38087(2) 0.65983(3) 0.0549(3) 0.0294(2) 0.0528(3) 0.0110(2) 0.0260(3) -0.0104(2)
Cl(6) 4e 0.82522(3) 0.32075(3) 0.72945(3) 0.0280(3) 0.0741(4) 0.0426(3) -0.0089(2) 0.0064(2) 0.0156(3)
Cl(7) 4e 0.67179(3) 0.20819(2) 0.68719(3) 0.0715(3) 0.0186(2) 0.0410(3) -0.0074(2) 0.0398(3) -0.0017(2)
Cl(8) 4e 0.68542(3) 0.29492(2) 0.53287(3) 0.0620(3) 0.0254(2) 0.0267(2) -0.0042(2) 0.0275(2) -0.0019(2)
Cl(9) 4e 0.29658(2) 0.30788(2) 0.69647(2) 0.0300(2) 0.0316(2) 0.0289(2) 0.0097(2) 0.0132(2) 0.0090(2)
Cl(10) 4e 0.16745(2) 0.36148(2) 0.50398(2) 0.0323(2) 0.0217(2) 0.0195(2) -0.0010(2) 0.0166(2) 0.0000(2)
Cl(11) 4e 0.09593(3) 0.27069(2) 0.61354(3) 0.0408(3) 0.0339(2) 0.0303(2) -0.0197(2) 0.0210(2) -0.0053(2)
Cl(12) 4e 0.15926(2) 0.44077(2) 0.65965(2) 0.0228(2) 0.0256(2) 0.0243(2) 0.0006(2) 0.0083(2) -0.0099(2)
N(1) 4e 0.21678(9) 0.26919(7) 0.39878(9) 0.0352(8) 0.0211(8) 0.0273(8) 0.0049(6) 0.0217(7) 0.0053(6)
C(1) 4e 0.2884(1) 0.23505(9) 0.4085(1) 0.039(1) 0.0254(9) 0.032(1) 0.0081(8) 0.0245(9) 0.0046(7)
C(2) 4e 0.3605(1) 0.27033(9) 0.4661(1) 0.035(1) 0.031(1) 0.040(1) 0.0081(8) 0.0246(9) 0.0096(8)
C(3) 4e 0.4301(1) 0.2368(1) 0.4654(1) 0.042(1) 0.073(2) 0.058(2) 0.017(1) 0.033(1) 0.008(1)

Ta ble 3. Atomic co or di nates and dis place ment pa ram e ters (in Å2).

Atom Site x y z U11 U22 U33 U12 U13 U23

H(4A) 4e 0.4160 0.2912 0.5820 0.059
H(4B) 4e 0.3677 0.2232 0.5627 0.059
H(4C) 4e 0.3242 0.2936 0.5468 0.059
H(5A) 4e 0.1413 0.2270 0.2975 0.036
H(5B) 4e 0.0995 0.2657 0.3391 0.036
H(6A) 4e 0.1708 0.1373 0.3820 0.037
H(7A) 4e 0.0113 0.1731 0.3195 0.070
H(7B) 4e 0.0438 0.0985 0.3393 0.070
H(7C) 4e 0.0492 0.1384 0.2716 0.070
H(8A) 4e 0.1023 0.2135 0.4577 0.052
H(8B) 4e 0.1896 0.1880 0.4950 0.052
H(8C) 4e 0.1209 0.1356 0.4733 0.052
H(21) 4e 0.213(1) 0.477(1) 0.467(1) 0.021
H(22) 4e 0.223(1) 0.5240(9) 0.524(1) 0.021
H(9A) 4e 0.3273 0.5679 0.5247 0.025
H(9B) 4e 0.3082 0.5277 0.4477 0.025
H(10A) 4e 0.3333 0.4254 0.5182 0.030
H(11A) 4e 0.4276 0.4723 0.4913 0.064
H(11B) 4e 0.4689 0.4379 0.5737 0.064
H(11C) 4e 0.4590 0.5173 0.5668 0.064
H(12A) 4e 0.3905 0.5074 0.6518 0.044
H(12B) 4e 0.3999 0.4280 0.6526 0.044
H(12C) 4e 0.3162 0.4604 0.6232 0.044
H(13A) 4e 0.1797 0.5646 0.3796 0.022
H(13B) 4e 0.1783 0.6094 0.4462 0.022
H(14A) 4e 0.0782 0.4983 0.3755 0.025
H(15A) 4e -0.0189 0.5781 0.3161 0.060
H(15B) 4e 0.0503 0.5946 0.2966 0.060
H(15C) 4e 0.0400 0.6373 0.3600 0.060
H(16A) 4e 0.0967 0.5086 0.5012 0.055
H(16B) 4e 0.0105 0.5303 0.4432 0.055
H(16C) 4e 0.0741 0.5860 0.4878 0.055
H(31) 4e 0.207(1) 0.4189(9) 0.166(1) 0.021
H(32) 4e 0.223(1) 0.4313(9) 0.241(1) 0.021
H(17A) 4e 0.3178 0.5063 0.2561 0.026
H(17B) 4e 0.2954 0.4951 0.1681 0.026
H(18A) 4e 0.3412 0.3834 0.1956 0.028
H(19A) 4e 0.4493 0.4866 0.2784 0.052
H(19B) 4e 0.4221 0.4677 0.1908 0.052
H(18C) 4e 0.4738 0.4166 0.2571 0.052
H(20A) 4e 0.3291 0.3622 0.3067 0.055
H(20B) 4e 0.3916 0.4184 0.3524 0.055
H(20C) 4e 0.4172 0.3516 0.3255 0.055
H(21A) 4e 0.1638 0.5269 0.1297 0.031
H(21B) 4e 0.1802 0.5383 0.2163 0.031
H(22A) 4e 0.0841 0.4571 0.1989 0.042

Ta ble 2. continued.

Atom Site x y z Uiso

H(23A) 4e 0.0803 0.3946 0.0973 0.061
H(23B) 4e 0.0548 0.4586 0.0425 0.061
H(23C) 4e -0.0033 0.4266 0.0701 0.061
H(24A) 4e 0.0311 0.5679 0.0948 0.095
H(24B) 4e 0.0548 0.5731 0.1840 0.095
H(24C) 4e -0.0192 0.5306 0.1284 0.095
H(41) 4e 0.782(1) 0.4632(9) 0.232(1) 0.019
H(42) 4e 0.773(1) 0.4108(9) 0.275(1) 0.019
H(25A) 4e 0.8246 0.3923 0.1666 0.024
H(25B) 4e 0.8242 0.3349 0.2228 0.024
H(26A) 4e 0.9195 0.4509 0.2777 0.027
H(27A) 4e 0.9620 0.3240 0.2414 0.056
H(27B) 4e 1.0215 0.3837 0.2814 0.056
H(27C) 4e 0.9547 0.3917 0.1956 0.056
H(28A) 4e 0.9320 0.3273 0.3552 0.055
H(28B) 4e 0.9012 0.3955 0.3737 0.055
H(28C) 4e 0.9892 0.3893 0.3905 0.055
H(29A) 4e 0.6829 0.3592 0.1651 0.024
H(29B) 4e 0.6904 0.4221 0.1190 0.024
H(30A) 4e 0.6305 0.4278 0.2274 0.028
H(31A) 4e 0.6869 0.5310 0.2280 0.047
H(31B) 4e 0.5953 0.5401 0.1847 0.047
H(31C) 4e 0.6425 0.5346 0.1367 0.047
H(32A) 4e 0.5105 0.4429 0.1197 0.048
H(32B) 4e 0.5481 0.3750 0.1097 0.048
H(32C) 4e 0.5500 0.4407 0.0644 0.048
H(51) 4e 0.715(1) 0.2221(9) 0.428(1) 0.022
H(52) 4e 0.732(1) 0.282(1) 0.400(1) 0.022
H(33A) 4e 0.6419 0.1897 0.2966 0.024
H(33B) 4e 0.6572 0.2646 0.2785 0.024
H(34A) 4e 0.5928 0.3011 0.3543 0.027
H(35A) 4e 0.4688 0.2884 0.2448 0.042
H(35B) 4e 0.5059 0.2365 0.2093 0.042
H(35C) 4e 0.5326 0.3130 0.2208 0.042
H(36A) 4e 0.5926 0.1982 0.4118 0.049
H(36B) 4e 0.5406 0.1655 0.3299 0.049
H(36C) 4e 0.5056 0.2225 0.3617 0.049
H(37A) 4e 0.7884 0.2166 0.3387 0.027
H(37B) 4e 0.7834 0.1567 0.3899 0.027
H(38A) 4e 0.8731 0.2753 0.4480 0.030
H(39A) 4e 0.8674 0.1655 0.5376 0.052
H(39B) 4e 0.8341 0.2384 0.5379 0.052
H(39C) 4e 0.9249 0.2276 0.5705 0.052
H(40A) 4e 0.9209 0.1973 0.3888 0.049
H(40B) 4e 0.9258 0.1417 0.4492 0.049
H(40C) 4e 0.9796 0.2065 0.4775 0.049

Ta ble 2. continued.

Atom Site x y z Uiso
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C40H100Cl14Fe3N5 409

C(4) 4e 0.3678(1) 0.2695(1) 0.5466(1) 0.039(1) 0.045(1) 0.036(1) 0.0067(9) 0.0190(9) 0.0026(9)
C(5) 4e 0.1427(1) 0.23529(9) 0.3477(1) 0.035(1) 0.032(1) 0.0267(9) 0.0024(8) 0.0167(8) 0.0027(8)
C(6) 4e 0.1304(1) 0.16953(9) 0.3788(1) 0.038(1) 0.0233(9) 0.037(1) 0.0013(8) 0.0235(9) -0.0004(8)
C(7) 4e 0.0517(1) 0.1424(1) 0.3223(1) 0.049(1) 0.045(1) 0.051(1) -0.012(1) 0.027(1) -0.011(1)
C(8) 4e 0.1363(1) 0.17734(9) 0.4583(1) 0.049(1) 0.027(1) 0.040(1) -0.0027(8) 0.030(1) 0.0042(8)
N(2) 4e 0.22515(7) 0.51701(7) 0.48283(8) 0.0172(7) 0.0176(7) 0.0191(7) -0.0005(5) 0.0086(6) 0.0003(6)
C(9) 4e 0.30678(9) 0.52533(8) 0.49726(9) 0.0147(8) 0.0252(9) 0.0224(8) -0.0034(6) 0.0089(7) -0.0022(7)
C(10) 4e 0.35766(9) 0.46821(9) 0.5442(1) 0.0178(8) 0.0268(9) 0.0255(9) 0.0017(7) 0.0063(7) -0.0047(7)
C(11) 4e 0.4352(1) 0.4745(1) 0.5440(1) 0.0200(9) 0.072(2) 0.034(1) 0.0099(9) 0.0111(8) -0.002(1)
C(12) 4e 0.3669(1) 0.46577(9) 0.6251(1) 0.0214(9) 0.033(1) 0.0288(9) 0.0038(7) 0.0072(8) 0.0061(8)
C(13) 4e 0.16977(9) 0.56376(8) 0.42451(9) 0.0190(8) 0.0181(8) 0.0177(8) 0.0025(6) 0.0078(7) 0.0033(6)
C(14) 4e 0.08645(9) 0.54382(8) 0.39882(9) 0.0186(8) 0.0217(8) 0.0210(8) 0.0007(6) 0.0077(7) 0.0008(7)
C(15) 4e 0.0348(1) 0.5928(1) 0.3374(1) 0.0227(9) 0.063(1) 0.033(1) 0.0107(9) 0.0110(8) 0.023(1)
C(16) 4e 0.0651(1) 0.5420(1) 0.4634(1) 0.0195(9) 0.064(1) 0.027(1) 0.0047(9) 0.0109(8) 0.0137(9)
N(3) 4e 0.22168(8) 0.44931(7) 0.20001(8) 0.0186(7) 0.0208(7) 0.0133(7) 0.0006(5) 0.0072(6) -0.0002(6)
C(17) 4e 0.29974(9) 0.47266(8) 0.21468(9) 0.0198(8) 0.0235(8) 0.0201(8) -0.0047(7) 0.0077(7) -0.0029(7)
C(18) 4e 0.35990(9) 0.41796(9) 0.23677(9) 0.0191(8) 0.0307(9) 0.0208(8) 0.0012(7) 0.0089(7) -0.0008(7)
C(19) 4e 0.4328(1) 0.4501(1) 0.2412(1) 0.0224(9) 0.048(1) 0.034(1) -0.0017(8) 0.0132(8) 0.0024(9)
C(20) 4e 0.3759(1) 0.3846(1) 0.3121(1) 0.027(1) 0.052(1) 0.033(1) 0.0120(9) 0.0160(9) 0.0141(9)
C(21) 4e 0.1641(1) 0.50476(9) 0.1748(1) 0.0269(9) 0.0267(9) 0.0205(8) 0.0091(7) 0.0087(7) -0.0003(7)
C(22) 4e 0.0834(1) 0.4818(1) 0.1545(1) 0.0215(9) 0.062(1) 0.0204(9) 0.0122(9) 0.0094(7) 0.0094(9)
C(23) 4e 0.0509(1) 0.4364(1) 0.0849(1) 0.0196(9) 0.036(1) 0.050(1) 0.0042(8) 0.0035(9) 0.0008(9)
C(24) 4e 0.0330(1) 0.5439(1) 0.1390(1) 0.034(1) 0.096(2) 0.043(1) 0.029(1) 0.003(1) -0.030(1)
N(4) 4e 0.77232(7) 0.42096(7) 0.23100(8) 0.0161(7) 0.0157(7) 0.0159(7) -0.0003(5) 0.0065(6) 0.0010(5)
C(25) 4e 0.83201(9) 0.38329(8) 0.21892(9) 0.0198(8) 0.0182(8) 0.0230(8) 0.0026(6) 0.0110(7) -0.0002(6)
C(26) 4e 0.91444(9) 0.40120(8) 0.27580(9) 0.0181(8) 0.0213(8) 0.0267(9) 0.0021(6) 0.0100(7) 0.0033(7)
C(27) 4e 0.9680(1) 0.3726(1) 0.2459(1) 0.024(1) 0.051(1) 0.040(1) 0.0087(9) 0.0175(9) 0.0060(9)
C(28) 4e 0.9361(1) 0.3761(1) 0.3559(1) 0.0235(9) 0.057(1) 0.026(1) 0.0055(9) 0.0084(8) 0.0091(9)
C(29) 4e 0.69281(9) 0.40788(8) 0.16821(9) 0.0166(8) 0.0222(8) 0.0177(8) -0.0030(6) 0.0043(7) -0.0015(6)
C(30) 4e 0.62939(9) 0.44354(9) 0.17869(9) 0.0152(8) 0.0330(9) 0.0191(8) 0.0018(7) 0.0067(7) 0.0029(7)
C(31) 4e 0.6394(1) 0.51902(9) 0.1824(1) 0.0212(9) 0.033(1) 0.035(1) 0.0064(7) 0.0088(8) -0.0063(8)
C(32) 4e 0.55268(9) 0.4238(1) 0.1122(1) 0.0167(8) 0.040(1) 0.032(1) -0.0016(8) 0.0052(8) 0.0036(8)
N(5) 4e 0.72197(7) 0.23886(7) 0.39098(8) 0.0176(7) 0.0205(7) 0.0162(7) -0.0022(6) 0.0073(6) -0.0013(6)
C(33) 4e 0.65026(9) 0.23617(8) 0.31600(9) 0.0167(8) 0.0236(8) 0.0167(8) -0.0031(6) 0.0054(7) -0.0039(6)
C(34) 4e 0.57948(9) 0.25964(8) 0.32256(9) 0.0196(8) 0.0235(9) 0.0220(8) -0.0007(7) 0.0084(7) -0.0043(7)
C(35) 4e 0.5159(1) 0.27584(9) 0.2421(1) 0.0226(9) 0.031(1) 0.0281(9) 0.0051(7) 0.0093(8) -0.0001(8)
C(36) 4e 0.5521(1) 0.2068(1) 0.3598(1) 0.0236(9) 0.046(1) 0.031(1) -0.0020(8) 0.0135(8) 0.0036(8)
C(37) 4e 0.78910(9) 0.20571(8) 0.38805(9) 0.0168(8) 0.0252(9) 0.0241(9) -0.0004(7) 0.0084(7) -0.0047(7)
C(38) 4e 0.86642(9) 0.22631(9) 0.4528(1) 0.0192(8) 0.0269(9) 0.0254(9) -0.0013(7) 0.0074(7) -0.0012(7)
C(39) 4e 0.8739(1) 0.2133(1) 0.5316(1) 0.0256(9) 0.046(1) 0.026(1) -0.0013(8) 0.0065(8) -0.0008(8)
C(40) 4e 0.9287(1) 0.1897(1) 0.4410(1) 0.0183(9) 0.041(1) 0.033(1) 0.0024(8) 0.0072(8) -0.0032(8)

Ta ble 3. continued.

Atom Site x y z U11 U22 U33 U12 U13 U23
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