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X-RAY STUDIES, SPEGTRAL CHARAGTERIZATION AND THERMAL
BEHAVIOUR OF A TWO-DIMENSIONAL ZINC PHOSPHATE
TEMPLATED BY TRIS (2-AMINOETHYL) AMINE [CsH21N4][Zne(P04)s
(HPOy)3). H0.
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ABSTRACT

A two-dimensional (2D) layered zinc phosphate hydrate [CsH21Na] [Zns (P04)3(HPOQ.)3). H20, 1, was synthesized by reacting Zn*" ions
with tris-(2-aminoethyl) amine phosphate [CeH21Ns][P04).5H20. The compound was characterized by powder x-ray diffraction
analysis, energy dispersive analysis by x-ray and infrared spectroscopy. The thermal behaviour of compound | was studied under
flowing nitregen and the structure determined by single crystal x-ray crystailography. Compound I crystallizes in the orthorhombic
space group Pna2(No. 33), a = 18.785(2). b = 8.2783(7), c = 18. 747(2)A. volume = 2915 4(4) A3, z = 4 The structure consists of a
network of Zn0s, PO, and HPOQ, tetrahedra which are connected to form a layer with interlamelar region occupied by the protonated

amine and water molecules.
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INTRODUCTION

The synthesis and characterization of crystalline microporous
materials is attractive, not only because of its fascinating
structural diversities and many practical applications ranging
from catalysis, separation and sensor technology to waste
water treatment [Yaghi et al., 1998; Kitagiwa and Kondo, 1998;
Lercher and Jentys, 2004; Logar and Kaucic, 2006], but also
because. they may be nanostructured with respect to pore
diameters and overall size of the particles [Breck, 1974, van
Grieken et al., 2000, Reding et al., 2003]. Zeolites, which are
crystalline inorganic polymers based on a three-dimensional
arrangement of SiO4 and AlO, tetrahedra represent the well-
known family of microporous materials. After the seminal work
of Wilson et al., 1982 on the synthesis of alumino phosphates,
whose frameworks are formed from vertex-sharing of Al0, and
PO, tetrahedra, extensive investigations in the last two
decades have enabled the synthesis of a variety of novel
inorganic materials with open framework structures
(Cheethams et al.. 1999). By replacing A" ions with Zn** ions,
a large number of zinc phosphates encompassing a variety of
architectures have been isolated and characterized They
include zero-, one-, two - and three-dimensional network
structures. [Neeraj et al., 1999, 2000; Ayi et a/ , 2000, 2001,
2002, 2005, Harnson et al. 1992 1997, 1998] These
matenals are generally synthesized hydrothermally in the
presence of organic amines as structure directing or
templating agents. Neeraj et al, (1999), discovered that
phosphates of organic amines are intermediates in the
formation of open-framework structures The versatility of this
synthetic route to hybrid open-framework materials has been
proven through facile reactions between the amine phosphates
and metal ions [Neeraj et a/., 2000; Rao, et a/. 2000, Ayi et
al., 2005]. In this paper, we report the synthesis of an
organically templated layered zinc phosphate via amine
phosphate route.

Experimental

A layered zinc phosphate of the formula
[CeH>-N4][Zne(POs)s (HPO4)3). H2O was isolated via amine
phosphate route. The amine phosphate tris(2-

aminoethyl)aminephosphate (Trenphos) was prepared by
following standard procedures of Neeraj et al.. (1999) and Ayi
(2007). The amine phosghate was then interacted with an
aqueous solution of Zn“" 1ons. In a typical synthesis of
compound |, 0.214g Zn (CH3;COQ) was dispersed in 2 7mi
H2O followed by addition of 0 342g of Trenphos under effective
stirring. The resuiting thick gel having a pH of 5 was sealed i
a steel autoclave and heated at 180°C for 48h. The colourless
single crystals formed. were vacuum filtered, washed with
distilled water and dried at 30°C.

Characterization

Powder X-ray Diffraction Analysis Powder X-ray diffraction
(PXRD) data were collected using Rich-Siefert. model XRD-
30007T. Cuk, Ni filter 40kV x 30mA

Thermogravimetric analysis (TGA)

This was carried out using a Mettler-Toledo TG850
instrument under flowing mitrogen with a heating rate of 5s per
minute.

Infrared Spectroscopy

The Fourier Transform Infrared (FTIR) spectrum was
recorded within 400 — 4000 cm' on IFS 66V/S beam
spectrometer. Measurements were carned out by diffuse
reflectance method (DRIFTS)

Determination of Crystal Structure

A single crystal with dimensions 0.05 x 0.05 x
0.20mm was selected under polarizing microscope and glued
to a thin glass fibre with cryanoacrylate (super glue) adhesive
Single crystal structure determination by X-ray diffraction was
performed on a Siemens Smart - CCD diffractometer
equipped with a normatl focus, 24 kW sealed tube x-ray
source (MoK, radiation. A = 0 71073A) operating at 50kV and
40mA. A hemisphere of intensity data was collected at room
temperature in 1321 frames with 20 scans (width of 0.30° and
exposure time of 20s per frame) in the 2t range 3 to 46 5°
Pertinent experimental details for the structure determinations
are presented in Table 1.
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Table 1: Crystal data and structure refinement parameters for compound |

Structural Parameter
Empirical formula
Crystal system
Space group

a(A)

b(A)

c(A)

o

B(°)

Y

Volume (AY)

Z

Formula mass

Peatc (gem’)
u(mm®)

0 range (°)

Total data collected
Index ranges

Unique data

Data [1>20(1)]
Refinement method
Rint

R[1>20(1)]

R (all data)

Goodness of fit
No. of variable

Largest diff map peak and hole eA*

!
CsH29H5025PsZng
Orthorhombic
Pna2(1)
18.785(2)
8.278(7)
18.747(2)

90

90

S0

2915.4(4)

27

170.28

2,619

5.298

2,17 -23.18
11429

-20 < h < 20,
9<k < 9,

20< <13

3157
Fuli-matrix least-square on /F?/

0.1251

R, =0.0669;

wr2 =0.1518

Ry =0.1022;

wRz = 0.1727
1.010

194

1.097 and - 1.372

The structure was solved by direct methods using SHELXS —
86 (Sheldrick, 1986) and difference Fourier synthesis. An
empirical absorption correction based on symmetry equivalent
reflections was applied using SADABS program (Sheldrick,
1994). All the hydrogen positions were initially located in the
difference Fourier maps, and for the final refinement, the
hydrogen atoms were placed geometrically and held in the
nding mode. Full-matrix-least-squares structures refinement
against /F/ was carried out using the SHELX TL - PLUS
package of programs (Sheldrick, 1993).

s
RESULTS AND DISCUSSION

On the basis of the Weissenberg photographs, the
powder pattern was index in the orthorhombic space group

Pna2 (no 33). The least-squares refinement was carned out
over the powder x-ray data A least-square fit of the P X RD
(Cu - K,) lines. using the hkl indices generated from single
crystal X-ray data gave the foliowing unit cell dimensions: a =
18.785(2). b = 8.2783 (7). ¢ = 18.747(2)A which are in good
agreement with that determined using single-crystal XRD

The TGA reveals a two-step weight loss (Fig 1) The
weight loss of 2 82% during the first step from 90°C to 180°C
corresponds to the removal of the guest water molecule
(Calculated. 2.62%) The weight loss of 22 78% during the
second step from 180°C - 600°C s attrbuted to the complete
removal of the amine molecules (Calculated 21 65%) The
calcined product was weakly diffracting indicating collapse of
the framework



AMINE-TEMPLATED ZINC PHOSPHATE [C¢H21N4] [Zne (PO4)s (HPO4)s. H,0 >

391

t
/0

v ' ‘
e ey

N
\~.
W = o #Y":
+ :
o 20 3 w N B

I A n - - . “

I T Rl T T R R T
. - Ll i A C ' : ~

" - o - e e o o e e S 1 o . - -
NUASK  METTLER VETT R TR T ey )

Fig.1: TGA Curve of compound |

The IR Spectrum of compound 1 (Fig. 2) reveals the
presence of vibrational bands at 1112 — 1015cm™ which are
characteristic of the asymmetric stretching mode of the PO,
units The absorption at 955cm™' is due to the symmetric
vibrations of the PO, groups. The bands at 762 — 602cm ' are
attributed to the bending vibration of the PO4 units [Nakamoto,
1997] The bands due to the template cations are also
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O

Intergity

108
$.00-
0.95 & ;

b i S

observed The asymmetric vibration of the N-H group ( un.n) is
observed at 2919 cm' while the symmetric stretching is
observed at 2851cm’’. The in-plane vibration of the N-H group
[onn- )] appears at 1635 cm' The absorption at 3622cm ' i1s
due to the lattice water molecules (Craver. 1982, Socrates,
1950)
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Fig. 2: Infrared Spectrum of Compound |
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The atomic coordinates, selected bond lengths and bond
angles for the single erystal data are presented in Tables 2
- and 3, respectively. The single-crystal structure analysis
revealed that compound | [CeH31N4)] [Zne(POs)«(HPO4la.H,0 is

a ZD. layered open-framework matenal The fundamental

Table 2. Atomic coordinates [x 1‘0.] and equivalent isotropic displacement parameters [AZ x 10°] for [CeN21Najz [Zne (POs)s (HPO4)s.

building units of 1 (Fig. 3) include six crystaliographically
independent Zn atoms and six P atoms belonging to the
inorganic framework, four N atoms, six C atoms and one O
atom belonging to the guest molecules.

H,O. I
X Y z Uleq)
Zn(1) - 5984(1) -3520(3) 4822(1) 16(1)
Zn(2) 3182(1) 410(3) 4818(1) 15(1)
Zn(3) 7089(1) 1417(3) 6383(1) 15(1)
Zn(4) 6786(1) -3582(3) 6511(1) 16(1)
Zn(5) 6227(1) 1387(3) 4699(1) 16(1)
Zn(6) 4864(1) -9536(3) 6281(1) 16(1)
P(1) 4832(3) -746(7) 4687(3) 16(1)
P(2) 7224(3) -1421(7) 5247(3) 16(1)
P(3) 5810 (3) £422(7) 5934(3) 14(1)
P(4) 8184(3) 5715(7) 6426(3) 15(1)
P(5) 1925(3) 720(8) 3773(3) 15(1)
P(6) 6130(3) -689(7) 7343(3) 13(1)
o(1) 5606(7) -5362(17) 5284(8) 19(1)
0(2) 5276(7) -2149(15) 4361(7) 8(3)
o3) 6543(7) 4191(17) 3982(7) 14(4)
0(4) 6646(7) -2601(19) 5550(8) 18(4)
Qr5) 2832(7) -2590(16) 4910(8) 18(4)
o(6) 8245(7) -6045(18) 5620(8) 18(4)
o(7) 2672(8) 849(17) 4083(8) 26(4)
o) 4108(7) 659(18) 4295(8) 17(4)
o(9) 7809(7) -7163(17) 6771(8) 21(4)
0(10) 6634(8) 735(20) 7286(9) 30(4)
o(11) 7514(7) -435(17) 5867(7) 16(3)
0(12) 6383(7) 2326(17) 5674(7) 12(3)
o(13) 6152(7) -5430(18) 6532(8) 21(4)
0(14) 6557(7) -2289(18) 7345(8) 17(4)
0(15) 7801(8) -4107(17) 6559(9) 23(4)
0(16) 6874(7) -418(17) 4661(8) 18(4)
0(17) 5231(7) 2783(20) 4595(8) 16 (4)
0 (18) 6472(8) -7306(17) 3893(8) 25(4)
0(19) 5150(7) -10822(18) 6211(8) 17(3)
0(20) 5568(8) -9395(18) 6786(8) 23(4)
0(21) 3928(7) -1054(18) 6755(8) 19(4)
0(22) 4686(8) 639 (18) 5488(9) 25(4)
0(23) 2011(7) 584 (17) 2949(8) 20(4)
0(24) 5716(8) 9251(22) 8075(8) 22(4)
N(1) 872(10) 10706(27) 8425(11) 27(5)
c(1) 1352(11) 10237(29) 8287(13) 25(6)
c(2) 2134(12) 11740(24) 8296(14) 30(6)
N(2) 2561(11) 9678(29) 8286(12) 42(6)
c(3) 95(12) 9259(27) 8398(14) 2916)
C(4) -256(12) 7580(23) 766(13) 2416
N(2) -546(9) 8558(28) 7697(10) 26«
Ci5) 1009(11) 9743(25) 9168(12) 23%
c(6) 982(11) 9010(22) 9762(13) 22.¢
N(4) 1037(10) -9253(20) 10491(11) 3105
N(5) 3969(8) 11809(17) 8179(9) 154
0(100) 1060(7) 11300(9) 29(4;
Table 3: Selected bond distances and angies in [CeH21N4] [2n6(PO4)3 (HPO4)s H20, 1.
Moiety ! Distances (A) Molety - Distances (A)
Zn (1)-0(1) ooope) o LP@o¢t7y [ 1.526(14) )
Zn (1)-0(2) | 1950(13) P(1)-0(8) — 18520 |
Zn (1)-03) 1 1972(14) P(1)0(22) _ o1 15%6(2)
[ Zn (1)-0(4) L2000 TPO)0E@) [1522) ]
[Zn(2)-0(5) [ 1928(14) SPayoty) 0 1153@2) ]
Zn (2)-0(6)%1 D.ga () T IPeyo(ie) 1183019 ]
Zn (2)-0(7) 1198(2) P0G 1540013
Zn(2)-0(8) 2.009(14) TPE)0GMa 157(2) T
Zn(3)-0(9#2 1.934(14) ' P(3)-0(19) . ] 18530(14)
Zn(3)-0(10) 198(2) _P(3)0(13) [ 153(2) ;
Zn(3)-0(11) 1.981(14) | P(3)0(1) 1.55(2) ]
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2n(3)-0(12) 2.022(14) P(3)-0(1) 1.57(2)
Zn(4)-0(13) 1.94(2) P(4)-0(15) 1.53(14)
Zn(4)-0(14) 1.943(14) P(14)-0(15) s B
Zn(4)-0(15) 1.96(2) P(4)-0(9) 153(2)
Zn(4)-0(4) 2.00(2) P(4)-0(6) 1542
Zn(5)-0(16) 1.927(14) P(5)-0(3)#1 [151(2)
Zn(5)-0(17) 1.934(13) P(5)-0(18)#6 152(2)
Zn(5)-0(18) 1.96(2) P(5)-0(7) 1.52(2)
Zn(6)-0(12) 2.009(14) .- | P(5)-0(23) 1.55(2)
Zn(6)-0(19) 1.928(14) P(6)-0(20)#2 1.49(2)
Zn(6)-0(20) 1.94(2) P(6)-0(10) 1.51(2)
Zn(6)-0(21) 1.973(14) P(6)-0(14) 1.55(2)
2n(6)-0(22)#3 1.97(2) P(6)-0(24) - 1.58(2)
Moiety [ Angles (°) Moiety Angles ()
0(1)- Zn (1)-0(2) 114.6(6) 0(19)-P(3)-0(1) 109.7(8)
0(1)- Zn (1)-0(3) 109.8(6) 0(13)-P(3)-0(1) 112.1(9)
0(2)- Zn (1)-0(3) 100.0(6) 0(19)-P(3)-0(12)#3 110.2(8)
0(1)- Zn (1)-0(4) 103.2(6) 0(13)-P(3)-0(12)#3 107.1(8)
0(2)- Zn (1)-0(4) 120.4(6) 0(1)-P(3)-0(12)#3 107.4(8)
0(3)- Zn (1)-0(4) 108.7(6) 0(21)#5-P(4)-0(15) 108.1(9)
0(5)- Zn (2)-0(6)#1 122 4(6) 0(21)#5-P(4)-0(9) 107.2(9)
0(5)- Zn (2)-0(7) 113.0(6) 0(15)-P(4)-0(9) 113.2(8)
0(6)#1-Zn (2)-0(7) | 104.1(6) O(2D#5-P(4)—0(6) 109.8(8)
0(5)- Zn (2)-0(8) \ 104 1(6) 0(15)-P(4)-0(6) | 1104(9) .
0(6)#1-Zn(2)-0(8) 11316) 1 0(9)- P (4-06)  ]1081(9)
0(7)-Zn(2)-0(8) 1 976(6) 0(3)#1-P(5)-0(18)#6 | 112.3(8)
0(9)#2-Zn(3)-0(10) 1 988(7) 0(3)#1-P(5)-0(7) [ 113.5(9)
0(9)#2-Zn(3)-0(11) i 111.8(6) 0(3)#6-P(5)-0(7) 113.7(9)
0(10)-Zn(3)-0(11) 111.7(7) 0(3)#1-P(5)-0(23) 105.8(9)
0(9)#2-Zn(3)-0(12) ~ 118.7(6) 0(18)#6-P(5)-0(23) 103.9(9)
0(10)-Zn(3)-0(12) | 1126(6) | O(7)-P(5)-0(23) 106.7(8)
0(11)-Zn(3)-0(12) 1 103.4(6) 0(20)#2-P(6)-0(10) 116 8(9)
0(13)-Zn(4)-0(14) ! 106.4(6) 0(20)#2-P(6)-0(14) 107 8(9)
0(13)-Zn(4)-0(15) - 115.0(6) 0(10)-P(6)-0(14) 110 1(9)
| 0(14)-Zn(4)-0(15) | 107 6(6) 0(20)#2-P(6)-0(24) 1,105 3(9)
0(13)-Zn(4)-0(4) 05.0(6) 0(10)-P(6)-0(24) 109 0(9)
0(14)-Zn(4)-0(4) 118.3(6) 0(14)-P(6)-0(24) 107.4(8)
| 0(15)-Zn(4)-0(4) 105.1(6) P(3)-0(1)-Zn(1) 136 3(9)
0(16)-Zn(5)-0(17) 115.3(6) P(1)-0(2)-Zn(1) 128 8(8)
0(16)-Zn(5)-0(18) 106.3(6) P(5)#4-0(3)-Zn(1) 134 3(9)
-0(17)-Zn(5)-0(18) 106.7(6) P(2)-0(4)-Zn(4) 119 3(8)
0(16)-Zn(5)-0(12) 1 1040(6) | Zn(2)}-0(4)-Zn(1) = | 1149(9)
0(17)-Zn(5)-0(12) 1 108 8(6) P(4)-0(4)-Zn(1) [ 123 0(9)
0(18)-Zn(5)-0(12) 116 1(6) P(2)#1-0(5)-Zn(2) 141 9(9)
0(19)-2n(6)-0(20) 1 111.6(6) P(4)-0(6)-Zn(2)#4 130 5(9)
0(19)-2n(6)-0(21) 1 102.8(6) P(5)-0(7)-Zn(2) 132 5(9) _—
0(20)-Zn(6)-0(21) 114.8(6) P(1)-0(8)-Zn(3) 122 2(9)
0(19)-Zn(6)-0(22)#3 127.3(7) P(4)-0)9)-Zn(3)#3 129.6(9)
0(20)-Zn(6)-0(22)#3 97.7(6) P(6)-0(10)-Zn(3) 123 5(10) L
0(21)-Zn(6)-0(22)#3 103.0(6) P(2)-0(11)-Zn(3) 130 1(8)
0(17)P(1)-0(8) 109 8(8) P(3)#2-0(12)-Zn(5) 116.0(8)
0(17)-P(1)-0(22) 109.8(9) P(3)#2-0(12)-Zn(3) 119 4(8)
0(18)-P(1)-0(22) 110838 [ PB)O(12y-Zn(3) o 11233(7) B
0(17)-P(1)-0(2) 109 7(8) P(3)-0(13)-Zn(4) 131 7(10)
0(18)-P(1)-0(2) 108 6(8) P(6)-0(14)-Zn(4) 125 7(9)
0(22)-P(1)-0(2) 1 110.7(8) P(4)-0(15)-Zn(4) 130.0(9)
0(11)-P(2)-0(16) 114 4(8) P(2)-0(16)-Zn(5) 131 9(10)
0(11)-p(2)-0(5)#4 i 109 5(8) P(1)-0(17)-Zn(5) 131 6(8)
0(16)-P(2)-0(5)#4 ! 108.3(8) P(5)#7-0(18)-Zn(5) 136.7(10)
0(11)-P(2)-0(4) 107.8(8) P(3)-0(19)-Zn(6) 135.0(9)
0(16)-P(2)-0(4) 107.5(8) P(6)#3-0(20)-Zn(6) 141.6(10)
0(5)#4-P(2)-0(4) 109.3(8) P(4)#8-0(21)-Zn(6) 129 5(9)
0(19)-P(3)-0(13) 110.3(8) P(1)-0(22)-Zn(6)#2 126.5(9)
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0"9?_[!!9, Moiety

Moiety Distances (A) . Moiety B +D|5tances() I
IN-CE) - [150(3) ‘csm ey 112 )
INDC) [ 1533) C(3)N( 1)0(5) wwegz)

N(1)-C(5) 153(3) (1) N(1 5) 110(2)\ |

0(1)-C(2) 152(3) g@Nu zcm ey

0(2)-N(2) 1.48(3) 1Nm N(3)C(4) 1 1132)

0&32 C(ﬂ 1.57(3) N(Z) C(4 C(3) 109(2)
| 0(4)-N(2) o 1150(3) CEeCENT — — [we
1 0(5)- C@__ﬁ,_k [ 148(3) C(S) C(G) N( 4) 114(2)

| 0(6)-N(4) 150(3) ] ]

Summary Transformations used to generate equivalent atoms:
=1x-1/2,-y-12z #2x,y+1y #3x,y-1,2 #4x+1/2 -y V2.2

=5x+1/2,-y-3/2,2 #6x-1/2,-y+ 112,z #7x+1/2.-y+1/2.z #8x-1/2 -y-3/2 z

Fig. 3: ORTEP Plot of [CeH21N4][Zns(P04)3 (HPO4)3). H20.
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Each Zn atom is tetrahedrally coordinated with four oxygen
atoms with Zn — O bond distances in the range 1.890(2) -
2.022 (14)A (av. (Zn-O) = 1.961 A). The O - Zn -O bond
angles are in the range 97.6(6) — 127.37° [av. (O - Zn-0) =
109.5°). Of the six independent P atoms, P(1), P(2). P(3), and
P(4) are connected to Zn atoms via four Zn-O-P linkages,
while P(5) and P(6) are connected via three Zn — O-P linkages
with one terminal P-O bond. The average P - O distances of
1.545, 1.540, 1.545. 1533, 1.525 and 1.533 A result for P(1),
P(2), P(3), and P(4), P(5) and P(6) respectively (Table 3). The
O-P-O bond angles are in the range 103.9(9) — 113.5(9)°
[av. (O - P- Q)= 109.5). The geometrical parameters observed
in the present compound are in good agreement with similar
open-framework zinc phosphates [Neeraj et al., 2000; Ayi et
al., 2001].

The inorganic frame-work  [Zne(POa)s(HPO4)] is
anionic with -3 charge. The charge neutrality is achieved by
the incorporation of the triply protonated amine molecule. The
structure of | thus, consists of a network of ZnOs, POs and
HPO, moieties forming a layer with the interlameliar region
occupied by the protonated amine and water molecules (Fig.
4). )

in conclusion, by employing aminephosphate route, *
we have been able to isolate a 2D layered zinc phosphate
similar to that obtained by Ayi et al., (2001) as a transformation
product of a zero-dimensionali monomer [CgHz:1Hig] [Zn
(HPO4)(H2PQs)2] .Since compound | was obtained in high
yield, we have been able to study the framework vibrations
and its thermal properties in detail.

Fig. 4b: Structure of | along the ac-plane showing the layer arrangement.
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