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The Vaporization of B203(l) to B203(g) and B202(g) (Poster)
Nathan Jacobson and Dwight Myers (East Central University, Ada, OK)

The vaporization of B203 in a reducing environment leads to formation of both B203(g) and
B202(g). While formation of B203(g) is well understood, many questions about the formation
of B202(g) remain. Previous studies using B(s) + B203(l) have led to inconsistent
thermodynamic data. In this study, it was found that after heating, B(s) and B203(l) appear to
separate and variations in contact area likely led to the inconsistent vapor pressures of B202(g).
To circumvent this problem, an activity of boron is fixed with a two-phase mixture of FeB and
Fe2B. Both second and third law enthalpies of formation were measured for B202(g) and
B203(g). From these the enthalpies of formation at 298.15 K are calculated to be -479.9 + 41.5
kJ/mol for B202(g) and -833.4 + 13.1 kJ/mol for B203(g). Ab initio calculations to determine
the enthalpies of formation of B202(g) and B203(g) were conducted using the W1BD
composite method and show good agreement with the experimental values.
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e Applications and need for thermodynamic data e Use heats of formation of other compounds:
— Ceramic processing 4/3 FeB(s) + 2/3 B,0O,(l) = B,0O,(9) + 2/3 Fe2B(s)
— Corrosion of high-temperature ceramics 4/3 B(s) + O,(g) = 2/3 B,O,(l) [16]
4/3 Fe(s) + 4/3 B(s) = 4/3 FeB(s) [17]
e Two vaporization routes T o 2/3 Fe,B(s) = 4/3 Fe(s) + 2/3 B(s) [17]

- B2O3(|) = BZOS(g) 6 Numbers inidicate order of
- 2/3 B (or other reductant) + 2/3 B,O,(I) = B,O,(9) S 2 B(s) + O,(g) = B,0,(9)

e Total error must include error in each of these heats

e Approach [1] - 45,203 5952 - 496507 &
— Ab initio study using quantum chemical composite methods |
— Knudsen effusion mass spectrometry (KEMS) [2]

Summary of Data for A , H,, ;B,0,(g)

Average En tha]nv of Reaction 2B(S) + 02(g) ~ B202(g)
Investigator and Technique Temperature 20 Law 2 Law 34 Law From 2™ Law From 3" Law Tables
K kJ/mol kJ/mol kJ/mol kJ/mol kJ/mol

Inghram ct al. KEMS [3] 1400 302542 [407.0=72 [3915+07%  |[-509.4 -444.1
2/3B +2/3B,0,(1) = B,0,(g)

| | | |
Previous Studies —

2/3B +2/3B,0,(2) = B,O,(2)

% Scheer—Torsion [4] 1390 382572 [3262+44 [372.7+2.0 -428.6 -462.9

* Thermodynamics of B,0,(g) well understood, reliable data available 0006 238723800 7BO®

0.00075 0.00085 Regtﬁe)pis;é a1.3—c%>11e2ction [5] 4662+ 6.5
. . . B +3C=3C0+2B
* Questions on 2B(s) + 1/2 O,(g) = B,0,(9); issues with B and B,O(I) rxn it B0+ C=B.0,p)+ CO

Searcy and Myers [6] -458.9 = 16.7
2MgO + 2B = 2Mg(g) + B,0,(g)

Investigator/method and reaction Ang%_lS AfH;98.15 AfH2098.15 JANAF [16] 1561284
~457.728%*
kd/mol—2" Law | kd/mol—3m Law IVIAN [18]

Selection of Proper Reductant for B,O,

B,O,(g) + 2/3 Fe B

This Study Run 1 115.6 2.1 125.1+0.8
B + B203 4/3 FeB(s) + 2/3 B,0,(g) =
Inghram (KEMS) [3] B,O,(g) +2/3 Fe,B

2/3 B + 2/3 B,04(1) = B,0O,(g) — Used by other investigators This Stady Ram 2 00215 4130209

4/3 FeB(s) +2/3 B,O,(I) =

: — ,0,(g) +2/3 Fe,
Inghram (KEMS) [3]_ ¥ B203(I) does not wet B TBh(i)s sgtudyzljur}:zB 1220+18 |1256=18 |1258205
2/3 B + 2/3 B,04(9) = B,0,(g) - Changing contact area for Boge anren Y
Scheer (Torsion) [4] _ This Study Run 3 4055+15 |4140+07
2/3 B + 2/3 B,0O4(1) = B,O,(9) A 2/3 B +2/3 8203(I) = BQOQ(g) 43 FeB0+ 238,00 -

Rentzepis et al. (CoIIection) [5] - Led tO IaCk Of I‘epI‘OdUCIble BZOZ(Q) I/};isFigl(gflzn/l33Bzo3(g)= 123.6+1.7  |123.7+1.7 |12620=0.6

C(s) + B,O4(1) = B,O,(g) + CO(g) vapor pressures B.O(®) + 23 Fe
*Ingraham et al. only converted three points to pressure and hence only three points were used for the 3* Law enthalpy.

Searcy and Mye rs [6] **Given class of accuracy is 6-F, which means an uncertainty is =40 kJ/mol

2MgO(s) + 2B(s) = 2Mg(g) + B,0,(g)

Nguyen et al. (ab initio) [7] g Ty 7
2B(g, doublet) + 20(g, triplet) = B,0,(9) DN . UseTFva)3 /gsglze-l-rr%((t)&re fixes B activity Summary of Data for Af H§98 15 5203(9)

— No changes in mixture—contact area 5O -BO® 2B(s) + 32 0(8) ~ B.OL®
Investigator Number of Data | Average 2M Law From 2" Law From 3" Law Tables

-- 7 remains constant Poins Temperatute T
Theoretical Heats of Formation: : - 4/3FeB + 2/3 B,0,(l) = B,O,(9) + 2/3 Fe,B T R

Quantum Chemistry Composite Methods [8-12] v - Gave reproducible vapor pressures S

Shultz et al.—mass 412.1 =84 4155+0.1
spectrometry
and weight loss [21]

e Equilibrium geometry and frequencies computed at BSLYP/VTZ+1 level
- Linear O-B-B-0 shape for the B,0,(g) and V shape for B,O,(9) | JANAF [16] 360242

IVTAN [18] -835.383*

* W1BD Method, Gaussian Software [9,10] 1:1:1 FeB:Fe B:B O Mixture SR
- Basis set: aug-cc-VnZ n =D,T, or Q 2 273 0,

¢ Relativistic corrections/spin-orbit coupling effects included
* In the W1BD Modification of the W1 method, Brueckner Doubles used to TR
simplify calculations .

e Enthalpies of reaction determined from where all other reactants and FeB/Fe BIB.O, HIOELI #0908

products have known enthalpies of formation B,O4(l) = B,04(q)
AH(1290)=389+ 1.3 kd/mol

\ Conclusions

\'\ * Theoretical and experimental determination of heat of formation
of B,0,(9) and B,0,(g)

380.8 £ 1.2 410.7«1.3 4295x1.2

1400 1500 1200 .

This Study Run 1 373217 401.7+1.8 4287+1.7
FeB/Fe,B/B,0,

4099« 1.7 4303 =13

Species/Reaction W 1BD Enthalpy/kJ mol™ Nguyen et al. (7) Enthalpy/kJ mol™
B,0O»(g)
B-,0O,(g) = 2B(g, doublet) + 20(g, triplet) 4799 £ 17.2 -457.7
B,0O,(g) + 6HF(g) = 2BF;(g) + 2H,O(g) + Hx(g) -456.7 £ 5.3
B>Ox(g2) + 6Hx(g) = 2BH;5(g) + 2H,0(g) + Ha(2) —441.1 = 14.7
B,0Os(g)
B,O;(g) = 2B(g, doublet) + 30(g, triplet) —857.4x17.2 4/3 FeB(s) + 2/3 B,O4(l) = B,0-(g) + 2/3 Fe,B(s) \'\
B,Os(g) + 6HF(g) = 2BF;(g) + 3H,O(g) -831.8+5.3 AH(1290)=384.1% 1.5 kJ/mol \\

B>Os;(g) + 6Hx(g) = 2BH;(g) + 3H,O(g) —816.2 = 14.8

In(K/cps-K)
=

e Theoretical: Quantum chemistry composite method

e Spin state is singlet, unless specified. Isogyric reactions

_ * Experimental: Use Fe,B/FeB mixture to set B activity, gave more
(constant spin) preferred.

10 reliable results than B alone

7.00E-04 7.50E-04 8.00E-04 8.50E-04
1/T(K)

* For B,0O,(9) A H 5 =—479.9 = 25.7 kJ/mol

298.15

* For B,O,(g) A H g5 = -833.4 = 13.1 kdJ/mol

298.15

Glenn Research Center
Knudsen Effusion Mass Spectrometer [2]

o

Analysis of Data: Determine A H ,, ;-
o ‘> Plot’ method [13,14] Heferences
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