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Abstract

The crystalline hexamethylenetetramine pentaborateJJ§N4H][B sOs(OH),]-0.5H,0 has been prepared and identified by XRD, FT-IR, DTA-
TG, elemental analysis and chemical analysis. The molar enthalpy of solution of) [{CH][B s0s(OH),]-0.5H,0 in (HCI-54.554H0) and of
(CHy)sN4 in (HCI +H3BO3)(aq) were determined. With the incorporation of the enthalpies of solutionsBOk&Iin HCI(aq), and the standard
molar enthalpies of formation of (GhtN4(s), HsBOs(s), and HO(l), the standard molar enthalpy of formation-6f4042.7+ 4.1) kJ mot* of
[(CH2)6N4H][B 5OG(OH)4]05H20 was obtained.
© 2005 Elsevier B.V. All rights reserved.
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1. Introduction diffraction (recorded on a Rigaku D/MAX-1 with Cu tar-

get at 8 min~1), FT-IR (determined on a Nicolet NEXUS 670
Boron exists as polyborate anions composed ogkB@d  FT-IR spectrometer with KBr pellets at room temperature) and

BO, groups and can form a large variety of compoundssimultaneous DTA-TG (determined on a Universal V4.1D TA

because of the complexity of the structures involved. BatsanoVhermal Analyzer at a heating rate of 10 K minin flowing

et al. [1] synthesized a hexamethylenetetramine pentaborai@r). The chemical composition was determined by C, H, N ele-

[(CH2)eN4H][B506(OH)4]-0.5H,0 by reaction of boric acid mental analysis and B by titration with NaOH standard solution

and hexamethylenetetramine. As part of the continuing studin the presence of mannitol.

[2] of the thermochemistry of organic borates, this paper reports HCl(aq) (1 moldnT3) was prepared from analytical grade

the thermochemistry of [(CJgN4H][B 506(OH)4]-0.5H,0. hydrochloric acid and deionized water, and its concentration,
0.9996 mol dm3, determined by titration with standard sodium

2. Experimental carbonate. The density, 1.018 gthwas taken fronj3].

2.1. Preparation of [(CH3)sN4H][B50s(OH)4]-0.5H>0 2.2. Calorimetric experiment
sample
[(CH2)sN4H][B 506(OH)4]-0.5H,0 can be regarded as the
[(CH2)sN4H][B 505(OH)4]-0.5H,0 was prepared by the lit- product of the following reaction:
eraturd1] method. To a solution of 2.66 g (Gh§N4 in 10 cn?
of water was added 1.23 g of boric acid. The mixture was heateffFH2)eN4(s) + 5H3BOs(s)
to 353K and maintained .With st'irring for 1h, cooled to room . [(CH,)eN4H][B506(OH)4] - 0.5H,0](s) + 4.5H,0(l)
temperature. The crystalline solid was separated, washed thor- _ _
oughly with ethanol and diethy! ether, and finally, dried at 313K HCl(aq) (1 mol dn7?) rapidly dissolves all components of the
to constant mass. The sample was identified by X-ray powdeieaction. The thermochemical cycleiis givefiable 1. Applying
Hess’s law,AH2(5) is calculated according to the following
expression:
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Table 1
Thermochemical cycle for the derivation af 2, ([(CH2)eN4H][B 50s(OH)4]-0.5H,0, 298.15 K)
Reaction ArHY, (kJmolt)
ArHS(1) 5H3;BO3(s)+ 93.435 (HCI-54.5065D) = 5 HsBO3(aq) + 93.435 (HCI-54.5064D) 109.2+ 0.4
ArHR(2) (CHp)6Na4(s) +5 HBO3(aq) +93.435 (HCI-54.50640) = (CHy)sN4H* Cl~ (aq) + 5HBOs(aq) + 92.435 (HCI-55.09650) —22.86+ 0.16
ArHE(3) 93.435 (HCI-54.506b0) + 4.5H,0 () = 93.435 (HCI-54.554K0) —0.09+ 0.01
ArHR\(4) [(CHz2)6N4H][B 506(OH)4]-0.5H,0(s) + 93.435 (HCI-54.55440D) = (CH,)sN4H*Cl~ (aq) + 5HBO3(aq) + 92.435 65.40+ 0.35
(HCI-55.096H0)
ArHg(5) 5H3BO3(s) + (CH)eNa(s) = [(CHz)eN4H][B 50s(OH)4]-0.5H,0(s)+4.5H0(1) 21.0+ 0.6

The molar enthalpy of formation of [(CHEN4H]- The FT-IR spectrum absorptions of synthetic sample are
[BsOs(OH)4]-0.5H,0 is obtained from the value of, H2 (5) assigned as follows: the band at 3259dris the G-H stretching
in combination with the molar enthalpies of formation of mode. The strong bands at 1413, 909¢rand 1009, 777 cm'
H3BOs(s), (CH)sNa(s), and BO(I). are in agreement with the existence of Bé&nd BQ group,

The RD496-I1I heat conduction calorimeter (Southwest Insti-'éSPectively. The strong band at 529@1”‘5_ the characteristic
tute of Electron Engineering, China) has been described in detd€ak of the pentaborate anion sfBs(OH)a] _
previously{4,5]. The temperature of the calorimetric experiment ~ Simultaneous DTA-TG curves (Fig. 2) of synthetic sample
was 298.15 K. Total time required for the complete reaction wadldicate that there exist a total weight loss 52.80% from 50 to

about 0.5 h. No solid residues were observed after the reactiong?0°C- The total residue of 47.20% corresponds to the mass
of 2.5B,03 with a calculated value of 47.25%. In the DTA

curve, there are two peaks. The first endothermic peak appearing
at 237.50C is related to the dehydration of crystal water and
OH groups. The exothermic peak at 390288is related to the
oxygenolysis of (CH)gN4.

3. Results and discussion

3.1. Identification of synthetic sample

Anal. calc. for [(CH)sN4H][Bs506(OH)4]-0.5H,0: C,

19.57%; H, 4.93%; N, 15.21%; B, 14.68%. Found: C, 19.96%3.2. Results of calorimetric experiment
H, 4.74%; N, 15.65%; B, 14.30%.

Fig. 1 shows the powder XRD pattern of synthetic sample. The measured molar enthalpy of solution of 3.00mg
The characteristic d values of the synthetic sample are 0.9420CH,)sN4 in 2.00 cn? of [HCI-54.506H0 and 6.62 mg BBOs]
0.7468,0.6197,0.5726,0.5329,0.4721, 0.4599, 0.3883, 0.3784&t 298.15 K was-(22.864 0.16) kJ mof?! (=5, uncertainty is
0.3671, 0.3584, 0.2972, 0.2776 nm. No peaks frogBBg or  twice the standard deviation of the mean). The molar enthalpy
(CH2)gN4 were observed. of solution of 7.88 mg [(CH)gN4H][B50s(OH)4]-0.5H,0 in
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Fig. 1. XRD patterns of the synthetic sample.
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Fig. 2. Simultaneous DTA-TG curves of synthetic sample.

2.00 cn? of (HCI-54.554H0) at 298.15K was (65.480.35)  from the literaturg10]. Using this scheme, the standard molar
kJmol? (n=5, uncertainty is twice the standard deviation of €nthalpy of formation of (CR)sN4H*, aq) is 90.2 kJ mot.
the mean).
Table 1 gives the thermochemical cycle for the deriva- Appendix A. Supplementary data
tion of the standard molar enthalpy of formation of
[(CH2)6N4H][B50s(OH)4]-0.5H,0. The molar enthalpy Supplementary data associated with this article can be found,
of solution of HBOs(s) of (21.83:0.08)kImot? in in the online version, afoi:10.1016/j.tca.2005.08.021.
HCI-54.506H0 was taken fronj6]. The enthalpy of dilution
of HCl(aq) was calculated from the NBS tab[@$ The molar  paferences
enthalpies of formation of §BOs(s) and BO(l) were taken
from the CODATA Key Value$8], namely—(1094.&+ 0.8) and [1] A.S. Batsanov, O.V. Petrova, Yu.T. Struchkov, V.M. Akimov,
—(285.830+ 0.040) kJ motL. The molar enthalpy of formation AK. Molodkin, V.G. Skvortsov, Zhur. Neorg. Khim. 31 (1986)
of (CHy)gN4(s) was taken fronj9], namely (124.06-0.75) 1120. _
kJ mol-L. From these data, the standard molar enthalpy of for-[2] Z:H: Liu, W.J. Zhang, Thermochim. Acta 436 (2005) 156.
mation of [(CHb)sN4H][BsOs(OH)4]-0.5H,0 was calculated [3] IIéG'I;lo, Soviet Chemical Handbook (lll), Science Press, Beijing,
to be—(4042.7+4.1) kI mot . [4] M. Ji, M.Y. Liu, Sh.L. Gao, Q.zh. Shi, Instrum. Sci. Technol. 29 (1)
The AtHP, of (CHz)eN4H* (aqg) can be estimated by a group (2001) 53.

contribution method10], which can be expressed in following [5] Z.H. Liu, M.C. Hu, Thermochim. Acta 414 (2004) 215.
[6] J. Li, Sh.Y. Gao, Sh.P. Xia, B. Li, R.Z. Hu, J. Chem. Thermodyn. 29

equation:

(1997) 491.

A+ HO(I(CH-)<N4HTIB =O=(OH),] - 0.5H 0O,s [7] D.D. Wagman, W.H. Evans, V.B. Parker, R.H. Schumm, |. Halow, S.M.
tHm([(CH2)6N4H][B 506(OH)d] 20.5) Bailey, K.L. Chumey, R.L. Nuttall, J. Phys. Chem. Ref. Data 11 (Suppl.
= AtHS((CH2)gNzH T, aq) 2) (1982).

o o [8] J.D. Cox, D.D. Wagman, V.A. Medvedev, CODATA Key Values for
+ AtHm ([B5Ogs(OH)4] ~, aq)+ 0.5A¢ Hypy(H20, 1) Thermodynamics, Hemisphere, New York, 1989.
. . 1 [9] M. Mansson, N. Rapport, E.F. Westrum, J. Am. Chem. Soc. 92 (1970)
in which theAer‘.?1 of —3989.97 kJ mot* of [BsOg(OH)4] ~(aq) 7296.

and the AfHS, of —285.83kJ moil of HoO(l) were taken  [10] J. Li, B. Li, Sh.Y. Gao, Phys. Chem. Miner. 27 (2000) 342.


http://dx.doi.org/10.1016/j.tca.2005.08.021

	Thermochemistry of hexamethylenetetramine pentaborate
	Introduction
	Experimental
	Preparation of [(CH2)6N4H][B5O6(OH)4]·0.5H2O sample
	Calorimetric experiment

	Results and discussion
	Identification of synthetic sample
	Results of calorimetric experiment

	Appendix A. Supplementary data
	References


