Phys8500

Solution Homework #3

for reaction . AH}: H,S(g)= - 20.5 [KJ-mol’']; Zn(s) = 130.4 [KJ -mol'];
f (g

ZnS(s)=-2059 [KJ-mol ']; H,(g) = 0 [KJ-mol'J;
= Enthalpy change AH < 0
for reaction 2: AHf: H,S(g)=-20.5 [KJ- mol'l]; Cd(s) = 111.8 [KJ-mol'l];
CdS(s)=- 162 [KJ-mol'];  Hy(g) = 0 [KJ-molJ;
= Enthalpy change AH < 0

So, both reactions are exothermic! An alternative way is the following:

Form AH® = AG? +T-AS” and AS? <0 follow that AH <0 if AG? <0
AGY = -76400 + 82.1-T- 5.9-T-In(T) =

(@T =680°C =953K) = -36728 [cal/ mol] = -152588 [J / mol]
AG® = -50000 + 822-T- 6.64-T -In(T) =

(@T =600°C =873K) =-17494 [cal / mol] = -73256 [J/ mol]
a) both reactions are exothermic!! If you go extreme high temperature, the reaction may

become endothermic — Most likely, however, the AG reaction equation is not longer valid!

Reaction 1:

Reaction 2:

b)
In equilibrium: AG=AG’ +In [Kp] =0;
X X
with K = Pans ™Pu, and K = Poss™Pu, , for reaction 1 and 2, respectively.
Pz Pu,s Pca*Pu,s
X
Pas Py, __ Pu, 152588 [J/mol] — exp[19.26] = 2.33x10°
PpPrs  DPuiPrs | RXT 8.31[J/ mol K] x953K
X
and Pees”Pu = exp 73236 [J/mol] = exp[10.10] =2.43x10°.
P Prs  Peo™ szs P 831/ mol K] x873K
7070 7070
=-——4941=-——+9.41=1.991 =98.02
08(Pn)= - 953 - P
= Dus { 18 } =4.37.10™"
Pu, 2-33.10°.98.02

Similarly for reaction 2,

= log(pey)= —SgTﬂ 902—-%+902 221 = pg=164.39



= szS:[ ! } =2.57.107
py, 2-43.10%164.39

2. Si deposition via
Si + SiCly & 2SiCly: AGY = 83000 - 89.4-T+ 3.64-T-In(T)
source @ 900°C: AG" = 83000 - 89.4-1173K + 3.64-1173K -In(1173K)
= 8309 [Cal/ mol] = 34746 [J / mol]
substrate @ 750°C: AG” = 83000 - 89.4-1023K + 3.64-1023K - In(1023K)

= 17351 [Cal/ mol] = 72558 [J / mol]
The partial pressure gradient Ap for SiCl, / SiCl, at source and substrate is given by

2
. — 0 —_—
® 000°C. [ Psict ] | 29 34746 J/mol a0
Pscr RT 831 [J/mol K] -1173K

. 2 ~AGY GY
with psici, + Psicl, =1 and [PSiClz] =exXp o | Psicly = P -(1-psic1,)

[P ]2 +2.83-107 -p,,, -2.83-107 =0,

we get
Poo =—0.0141£/1.988-10%+2.83-10% =0.155

2
© 750°C. [ Psic | | 29 72558 J/mol o610
Py RT 831 [J / mol K] -1023K

) 2 -4
with ps;cy, + Psicl, =1 and [PSiClz] =1.96-10 " -(I1-psic1,)

2
[Pec | +196:10%p,,, -1.96:10" =0,
we get : 1

Pre =—9.8-10° £+/9.604-10°+1.96-10" =0.0139

The partial pressure difference Ap=0.155 — 0.0139 = 0.1411
The flux is given by the difference in the partial pressure between source and substrate:

z-rt Ap- 7-0.075% [m*]

871 " 8.0-8.10°[Pa-s]-0.25 [m]
r’-Ap _
8-77-1_

Flow= -0-1411.1-013.10° [Pa] =8870 m’s™' =887.10" [cm’ 5]

Flux = Flow/area = . =49.6.10° [cm-s']

d? d
b.) p- L5 VL kc-o
dx dx

with BC: C(x=0) = 1 and C(x=1 m) =0, D = 1000 cm?/s, v = 100 cm/s, and K=1 s™';

Cx) = (1 -756 -10°) -expl -0.009 - x] -7.56 -10°® - exp[ 0.109 - x]



