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Synthesis and Characterization of Layered Zirconium Phosphate
Crygstal with 1,6- Hexyl diamine as Template

WANG Jinhang, LIU Zhongmin =, SUN Zhengang, YANG Yue, HE Yanli, XU Lei, QI Yue

(L aboratory of Natural Gas Chemistry and Applied Catalysis, Dalian Institute of Chemical Physics,
The Chinese Academy of Sciences, Dalian 116023, Liaoning, China)

Abdgtract : A novel layered zirconium phophate crystal with organic di-protonated 1 ,6-hexyldiamine (HDA)
cation, [ (HDA) Hz], 5[ Zr (PO4) (HPO,) ]- 1. 5H,0O (abbreviated toy - (HDA) ZrP) , was synthesized under hy-
drotherma conditions and characterized by sngle-crysta and powder XRD, IR and TGDTA. Thecrysa isin
orthorhombic sace group Imm2 with a=3.4338 nm, b=0.5338 nm, ¢=0.6620 nm, V =1.21342 nm®,
Z=2, R=0.0554 and Rw =0.0754. The title compound was of Y -type layered structure which was formed
by corner-sharing ZrOg octahedron and PO, , POz (OH) tetrahedron units, and the layer-to-layer distance was
about 1. 77 nm. The HDA molecule, which wasperpendicular to the zirconium phosphate layer and bent alittle
like a bow , supported and connected the zirconium phoghate layer by the hydrogen bonds between the two end
nitrogen atomsof HDA molecule and one of the two oxygen atoms stretching out of the zirconium phogphate lay-
ers. The water moleculesoccupied two positions between the layers. One was the cavitiesformed by HPOZ ™ te-
trahedrons on the surface of the zirconium phogphate layer , and the other was amid HDA molecules with four
water moleculesin one group. The XRD pattern smulated from the sngle crysta structure analyssresult wasin
accordance with that collected from the powder sample syntheszed. The absorption bands of organic amine and
water gppearedin the IR gpectrum ofy - (HDA) ZrP, corroborated the crysta structure determined by XRD anal-
yds. On heating , one and a hdf water molecules were lost at 180  and the HDA began to decompose at 250
. After getting rid of the water molecules by heating at 220  for 3 h, no obvious changein the crystal struc-
ture was observed.
Key words: hydrotherma syntheds, hexyldiamine, template, zirconium phogphate, sngle crysta structure
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mmol) ,3.45 g (30 mmol) 18 g
(1 000 mmol) 2 h.
(121, o-zrPl y- 23 ml , 190
zrpt4l, Na* 8! K*le1  NH, 5d, ( 90 %) .
, 1.3 Y-( HDA) zrP
[8 12] , (0. 2 mm x 0. 15 mm x 0. 02 mm)
a-zrP y-ZrP , XRD Bruker SMART 1000 CCD
(4131, X . Mo K (\ =0.071073
nm) , D =3.13 25.07. SMART
[14.15] SAINT
R =0.0554, Ry = 0.0754,
, , (&) mex = 0.001 38 e nm°. D/ max-rB
, X ,CU Ky
(o171, : (Cs+) (A =0.15405 nm) , , 30 40
(C1,C2) a-zZrP y-zZrP kV , 50 mA.  Bruker EQU INOX 55
[8.,18] , . KBr
. 1994 1 150 , , 30 mg
Poojary 119! , 4000 400
,1994  Hursthouse % cm™ . Perkin-Elmer Pyris |
, Kemnitz N> , 10 /min,
(21 2] 50 1200 Perkin
B mer DTA7 NP3 N2
, 40 ml/ min, 10 /min,
(24,251 50 1200
[26].
1,6 (HDA) 2
y- [(HDA)Hz], = 2.1 y-(HDA)ZrP
[Zr(PO4) (HPO4) ] - 1.5H,0 ( y-(HDA) Y - (HDA) ZrP 1.
ZrP X , HF  NH4F ,
- , (No 1). HF
NH,F a- y-(HDA) ZrP
1 HF , y-
1.1 (HDA)ZrP (No2). HF ,
(Zrod,- 8H,0) 190 , Y - (HDA) ZrP ,
1.6 (40 %) ( ) (No 3). 190 ,
(85 %H;3PO,) , HF 12.5 mnol , y-
, 2 h. 23 ml (HDA) zZrP (No 4).
, 5d, HF , (No 5) .
. HF y-(HDA) zrP ,
1.2 y-(HDA) ZrP HF

(10 mmol) ,2.33 g
(40%,10

3.22 ¢
1,6 (20 mmal) ,0.2 g
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1 y-(HDA) ZrP
Table 1 Synthetic conditions and results of [ (HDA) Hz]o.5[ Zr (PO,) (HPOy) - 1.5H,0

Starting compostion ( ng/ mmol)

Sample No. = 5 HDA H3PO, H,0 HE NH,F o/ Product phase

1 10 20.0 30 1000 - - 170 amor

2 10 20.0 30 1000 10.0 — 170 y- (HDA) ZrP(9)

3 10 20.0 30 1000 10.0 - 190 amor 4y - (HDA) ZrP(vs)
4 10 20.0 30 1000 12.5 - 190 v~ (HDA) ZrP(m)

5 10 20.0 30 1000 20.0 - 190 y- (HDA) ZrP(w)

6 10 30.9 30 1000 — 10.0 190 y- (HDA) ZrP(9)

7 10 25.8 30 1000 - 10.0 100 y - (HDA) ZrP+ cubic(w)
8 10 28.6 30 1000 - 10.0 190 a- (HDA) ZrP(9)

9 10 28.6 30 1000 — 10.0 210 y - (HDA) ZrP(9)

HDA — 1,6-hexyldiamine; (HDA) ZrP—[ (HDA) Hz]o.5[ Zr (PO4) (HPOg4) ]- 1. 5H,0; cubic — cubic crystd with a=1.02011 nm
ST grong, vs— very srong, m— medium, w_%eak

Zr0%* +6HF—— ZrF3" + H,0 +4H"* , a (No 8).
ZF == zr"* +6F :
) No 8 )
, 210 y (No
9). a %
, a oy ,
) HE , 1.53 nm, 1.77
, ; HF nm, ;
, Y- (HDA) zrP
, ) NH,F , : n(zZrodz) n(HDA) n(HsPOs) n(HF)
(10 20 mmol) n(H,0) =123 11009 =170 ,t=5d.
Y-(HDA)ZrP (No5,No6 No9). 2.2 Y-(HDA) zZrP
NH;F (20 mmol) , y-(HDA) zZrP  [010] ( )
NH,F : y- : 1.6 . [010]
30.9 mmol , o1 [010]
(No 6) . , 30.9 y-(HDA) zrP . , PO,
25.8 mmol (No 6 ZrOg )
No7), No7 , PO, ZrOs

Y

1 y-(HDA)ZrP [010]
Fig1l Inorganic layer structure ofy - (HDA) ZrP dong [010]
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, (05 ,06) . 2 y-(HDA) zZrP U
Table 2 Atomic coordinates and therma parameter U
V'(HDA) arp 2 of y - (HDA) ZrP crysta

3 Atom X y z U (eq

2, 3. Zrl  0.2963(1) 0.0000 0.4953(4) 0.011(1)

Imm2 _ a=3.4338(14) PL  0.2706(1) 0.0000 - 0.0033(9) 0.014(1)

P2 0.3626(1) 0.5000 0.5101(13)  0.031(1)

nm,b=0.5338(2) nm, ¢=0.6620(3) nm, V = Ol 0.2953(4)  0.0000 0.1874(13)  0.014(4)
1.21342 nm®, z=2 P =1.89 ¢ cm’. 02  0.2974(3) 0. 0000 - 0.1865(13)  0.021(5)
y-(HDA) ZrP 03  0.2459(2) 0.2327(13) - 0.0030(30)  0.044(2)

04 0.3386(2) 0.2680(12)  0.4830(20)  0.032(2)

(n(H0)/ n(HDA) = 1.5) ; 05 0.3964(4) 0.5000 0.3661(18)  0.071(5)

) PO, 06 0.3770(4) 0.5000 0.7338(17)  0.068(4)
0.94 nm, N1 0.3744(4) 0.1510(70)  1.0220(70)  0.095(13)

1.74 nm. Cl 0.4076(4) 0.0000 1.0230(70)  0.066(9)

C2  0.4438(5) 0.1230(50)  0.9620(40)  0.044(6)
) C3  0.4811(5) 0.0000 0.9390(40)  0.114(11)
011 0.3363(12) 0.5000 - 0.0140(60)  0.263(16)

012 0.4597(4) 0.2720(50)  0.4540(30)  0.081(9)

2.3 Y-(HDA)ZrP  XRD
y - (HDA) zrP XRD

3 y-(HDA) ZrP
Table 2 Bond lengti and bond angle of y - (HDA) ZrP crystd

Bond I_ength {nm) Bond Length (nm) Bond Length (nm)
Zr1-01 1.2039(10) Zr1-O3#1 0.2033(5) Zr1-O3#2 0.2033(5)
Zr1-04 0.2041(6) Zr1-O4 # 3 0.2041(6) Zr1-O2#4 0.2107(10)

O3 Zri#7 0.2033(5) O2-Zr1#6 0.2107(10) P1-0O1 0.1521(8)

P1-02 0.1522(7) P1-0O3 0.1505(5) P1-O3#3 0.1505(5)
P2-04 0. 1497 (6) P2-O4 #5 0. 1497 (6) P2-05 0.1503(8)
P2-06 0.1561(9) N1-C1 0. 1400(30) CI-N1#3 0.140(30)

N1-N1#3 0.1610(70) Cl-C2 0. 1460(30) Cl-C2#3 0.146(30)
C2-C2#3 0.1310(50) C3C2#3 0.1449(10) C2-C3 0.1449(10)
C3C3#8 0.1300(40)

Bond Angle (°) Bond Angle (°)
01-2r1-O3#1 89.6(5) O3#2-2r1-O4 # 3 178.1(7)
01-2r1-O3 # 2 89.6(5) O4-2r1-04 # 3 89.0(4)

O3#1-2r1-O3 # 2 89.2(4) 0O1-2r1-O2# 4 180.0(2)
01-Zr1-0O4 88.5(5) O3#1-2r1-O2 # 4 90.4(5)
O3#1-2r1-0O4 178.1(7) O3#2-2r1-O2# 4 90.4(5)
O3#2-7r1-04 90.9(2) O4-7r1-O2 # 4 91.5(5)
O1-Zr1-O4 #3 88.5(5) O4#32r1-O2# 4 91.5(5)
O3#1-2r1-O4 # 3 90.9(2) O3#3P1-03 111.2(5)
O3 #3P1-01 108.3(7) O5P2-04 #5 110.5(6)
03 P1-01 108.3(7) O4-P2-04 #5 111.6(6)
O3 # 3 P1-02 110.0(7) O5-P2-06 110.9(11)
03 P1-02 110.0(7) O4-P2-06 106.6(7)
0O1-P1-02 108.9(4) O4 #5 P2-06 106.6(7)
05 P2-04 110.5(6) P1-O1-Zr1 147.1(9)
P1-O2-Zr1 # 6 141.8(8) P2-04-Zr1 165.2(7)
P1-O3-Zr1#7 169.0(5) CI-NI-N1#3 54.8(13)
N1#3CIl-N1 70.0(3) N1# 3-Cl-C2 162.0(4)
N1-C1-C2 115.7(17) N1#3Cl-C2#3 115.7(17)
N1-C1-C2 # 3 162.0(4) C2-C1-C2#3 53.3(18)
C2#3C2-C3 63.1(11) C2#3C2Cl 63.4(9)
c3Ccz-C1 125.4(19) C3#8C3C2#3 152.3(11)
C3#8C3FC2 152.3(11) C2#3C3FC2 54.0(2)

Symmetry generated atoms: #1(- x+0.5,y- 0.5, z+0.5); #2(- x+0.5, - y+0.5, z+0.5); #3(x, -y, 2); #4(x, vy, z
+1); #5(x, - y+1, 2); #6(x,y, z-1); #7(- x+0.5, - y+0.5, z- 0.5); #8(- x+1,-y, 2)
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(22] y - (HDA) ZrP XRD , 3600 3300cm !
2 , O-H .
: 2.5 Y-( HDA) ZrP
, Y - (HDA) ZrP 4.
, 50 180
(50 80 ) 1
, (80 180 ) 0.5
(7.4 %) (7.2 %)
3] 180 280 , TG ,
Z , DTA
z N, , GC
CN 280 400 TG
5% 7% , DTA
) :
A —— LA LL A Lt 400 650 TG 5% 7%
3 10 20 30 40 50 60 , DTA
20/
) HPOi'
2 XRD XRD
Fig2 XRD pattern Smulated from dngle crysta axd XRD pattern ’
oollected from powder of y - (-IDA) ZrP 650 1000
(1) Smulated data, (2) Experimenta data , TG,DTG DTA
1000 ,DTA , TG
2.4 y-(HDA) ZrP _ 5.8%.
3 Yl- (HDA) zZrP 1 550 1200 700
1620 cm , 20%,
Clle NH> : 1100 HPO?;' ZrP,0, ,
900 cm PO, 28 %. ,
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Fig3 IR ectrumofy-(HDA) ZrP crysad

Fig4 TGDTGDTA curvesofy-(HDA) ZrP crysd
(1) TG, (2) DTG, (3) DTA
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