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Question 2: Long Answer 10 points 

(a) (i) For the correct answer:  

14 protons and 14 neutrons 

1 point 

(ii) For the correct answer:  

Accept one of the following: 

1 point 

Total for part (a) 2 points 

(b) For a correct explanation:  

SiH4 is composed of molecules, for which the only intermolecular forces are London 
dispersion forces. SiO2 is a network covalent compound with covalent bonds between 
silicon and oxygen atoms. London dispersion forces are much weaker than covalent bonds, 
so SiH4 boils at a much lower temperature than SiO2.

1 point 

(c) For the correct balanced equation (state symbols not required): 

4 2SiH ( ) Si( ) 2 H ( )g s g→ +  

1 point 

(d) For a correct explanation:  

The H2(g) molecules are more highly dispersed than the Si(s) atoms and, therefore, have a 
higher absolute molar entropy. Silicon is a solid; therefore, its atoms are in fixed positions, 
are less dispersed, and have a lower absolute molar entropy. 

1 point 

(e) For the correct calculated value:  

(18 2(131)) 205 75 J/(mol K)rxn rxnS∆ = + − = + ⋅  

1 point 

(f) For a correct explanation:  

High temperature is required for the reactant particles to have sufficient thermal energy to 
overcome the activation energy of the reaction. 

1 point 
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(g)
  

For the correct peak height and location:  

The peak should be drawn to the right of the other peaks, and it should reach the second 
line above the horizontal axis. 

 

  

 

  

 

1 point 

(h) For a correct explanation:  

The valence electrons of a Ge atom occupy a higher shell (n=4) than those of a Si atom 
(n=3), so the average distance between the nucleus and the valence electrons is greater in 
Ge than in Si. This greater separation results in weaker Coulombic attractions between the 
Ge nucleus and its valence electrons, making them less tightly bound and, therefore, easier 
to remove compared to those in Si. 

1 point 

(i) For the correct calculated value:  

 
8 1

34 19
7

2.998 10  m s6.626 10  J s 4.97 10  J
4.00 10  m

cE h hν
λ

−
− −

−

 × = = = × ⋅ = ×   ×   
 

1 point 

Total for question 2 10 points 



Sample 2A 1 of 3

Begin your response to QUESTION 2 on this page. 

2. Answer the following questions about the element Si and some of its compounds. 

(a) The mass spectrum of a pure sample of Si is shown below. 

100 

• -0 
27 28 29 30 31 32 

Mus(amu) 

(i) How many protons and bow many neutrons are in the nucleus of an atom of the most abundant 
isotope of ~i ? IV\~S • '2.8'_ 

, ~W(~ ~<~4 ~ ~ rflt\.~O~S ~ , 4 
 . O,i) Write the ~round-state electron cohft~qp of Si. 
 , ,·, .• \c5,. ls'1..f r ·~"-~'?L.~ ! ',·,

-
•
.  ~ J~,, '!'¥ I'-,.• I I .. 

. ,' I 

..... ,. .. ... t" ,--.: • • ,., ..... ' 

1\vo compounds that contain Si are Si01, and SiH':. · .':", (.., Q.,.C · _) , ,(. · 1 
·' • It' 

Uneutloltud copying Of - °' Ihle PIO' le llegal. Page6 GO ON TO THE NEXT PAGE. 

       
  

 

 



Sample 2A 2 of 3

Continue your retpOnN to QUESTION 2 on this page. 

At high temperatures, sm_. decompoaes to form solid silicon aod hydrogen pa. 

(c) Wrile a balanced equation for the reaction. 

$\ -t2\--\1<4) KL-1 ..:., s,ts) 
A table of absolute entropies of some substances is given below. 

Substance S° (1/(mol • K)) 

H2(1) 131 

Si(, ) 18 

sut.(1) 205 

(d) Explain why lbe absolute molar entropy of Si(.r) is lea than dW of }½(g~ 

~,\\CO~ \S (). ~\d, which MfO.V-.S ~1' \-\ 
canM+ mOVt tt~t..\tj--. \~Ke o,.. ~~ -~"~ ~Pct ,!) '\"t mte>.SU.Vt o,9 't~S ~ 6 ~~ A 
qo~ con -ffl~ me.\c,-:w,; ,.,~-.,: & nt1n~~.&1W01>'d-, 

(e) c.aiculare the value, in J/(mol· K). of .M"' for the reacdon. .., • · ·• · 

(\'I-+ -i,.(.\'\\)) - 1-05 c. 1S .... J_ 
W"!O\ ·~ 
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Continue your response to QUESTION 2 on this page. 

(g) A partial photoelectron spectnim of pure Si ls shown below. On the spectnim. draw the missing peak that 
corresponds to the electrons in the 3p sublevel. 

j 

'\~ 
lj 

l ' \ l 

1,000 100 10 0.1 
Binding Energy (MJ/mol) 

(h) Using principles of atomic structure, explain wby the first ionization energy of Ge is lower than that of Si. 

S\ 005 0. '(\~'t\t1 ,~4".~Vl t\\AC\~f'~t_ ~ 
~ di)e~. ~, <A\so ~ ~~~~,<Ati\1.c 
~ ~w ,-bl,ve·'tA~-~~.l;~ \~ e\tcWonS 
att .f<ly-ttrf au,a~ ~~~-~~ . ~\t\A!.. ,n _·Ge. ~U" 
\\o~ -to ~'ft YU\tttS \4e, ~\-so tr\t \~t ,on,i.o.-t'CJn 
~ro.~ lS \&wev. 

(i) A single p!Yoton with a wavelength of 4.00 x 10- 7 m is absorbed by the Si sample. Calculate the energy of 

the photon in jouJes. 

a _qq lS 1.\08 = ti.00~\0 .. 7(v) 
V: 7. ~QS f. \0114 

E = , . ,i, 1.,0➔~(1.QQS xv>"') 
E-= L\.97 'I. \0-i~ J 

U~ ~ o, - of 1h11 PIOI le llegll. Page8 GO ON TO THE NEXT PAGE. 



Sample 2B 1 of 3

Begin your response to QUESTION 2 on this page. 

2. Answer the following questions about the element Si and some of its compounds. 

(a) The mass spectrum of a pure sample of Si is shown below. 

100 

• -0 
27 28 29 30 31 32 

Mass(amu) 

(i) How many protons and how-many neuttonlaifiii thtr nucleus-of an atQm of the most abundant 

isotope of Si ? 14 prolo/1 i 4- J"' r,w J-r,o.,, > 

(ii) Write the ground-state electron configuration of Si. 

  

Two compounds that contain Si are SiO2 and Sill-4. 

(b) At 161 K, SiH-4 boils but SiO2 remains as a solid. Using principles of interpartk:le forces, explain the 
difference in boiling points. ush t • u, 

~ 
1 ' , ... 

i.. -5; - J'- 10. =Si -=- 0 ·~ , 
'"" 
~ s; \+1.4

1 
+ 5i Oz. ox, ,_po~ 

1c,,J o,,, #ts (>-4' $ ; e,,.., fo ru,&, ~ u .. ,u.. 

du .. h·-}, iJ is ,..,.°"' ~ 
'"k.,,..,..&c.wl- ~ ~r-,._cr ~ 5; It'< . 
.... ~>' s; U-a \,,c.,s " ,~ J:,..t, ... J po,·,,~ 

,, .-

~~or - ol ,_ Pllll' i.t,gai. Page8 GO ON TO THE NEXT PAGE. 
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Continue your ruponse to QUESTION 2 on this page. 

At high temperatures. SiH4 decomposes to form solid lilk:on and hydrogen ga 

(c) Write a balanced equation for the reaction. 

$'. ~ '1 I.)) ➔ 5 j ( $) ~ Z. j+'t ( ~ ) 

A table of ablolute entropiea of some substances is given below. 

Substance S° (J/(mol • K)) 

131 

Si(,) 18 

Sili.i(g) 205 

(d) Explain why the ablolute molar entropy of Si(.r) is leas than that of Hz{g). 

T-'" , s 1c..,.s J,t,c.,.. +t.,oJ.. ; Hz. lt) ~ e... 

6 .. " "'"~ (:re.Jr ~ ,1..o"' , k ( - ... ; ,\,if • ~~ ;A& 

~ e,l is cvt:L<r " i I\ ~$A- . 

(c) Calculate the value, in J/(mol· K). of MO for the reaction . 

.cs ~ f.. S0 pr~ - i_s. ~J,.J-s 

~5 -:; ( 2ll13t) -t"" Ii" ) - ( l(>.S ) LI S : 75 s-;,,.., t. 

(f) The reaction is thermodynamically favorable at all temperaturea. Explain why the reaction occurs only at 
high temperatures. 

T4 (tA J..· 0,- CII\ 1-, be, C. w ~ ""' ~~r'"NJ~ 
-

p-s;hK-. ffk Hsi.- J,k 

~c..~VC.. ~ ~ .c. -Tt>S ,.,.,; II 

,...Of"<., ...,i~ ~ ~ubM)tch.d bM 
"' ~o.~..c. 

~~or-of"'PIOI•--·- P.C-7 GO OM TO 'ftfE NEXT PAGE. 
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Sample 2B 3 of 3

Continue your response to QUE8T10N 2 on lhla page. 

(g) A partial pbotoelectron spectrum of pure Si is shown below. On the spectrum, draw the missing peak that 
corresponds to the electrons in the 3p sublevel. 

I w 
'3 

i z ••" 
~ 
'i 
~ 
1,000 100 

tf 

10 0.1 
Binding Energy (MJ/mol) 

' 

(h) Using principles of atomic structure, explain why the first ionization energy of Ge is lower than that of Si. 

1k ~,s~ ·,s. \wAf i" be, ~ (.) ~ 

k h,v, ~~$ II\ ~ 4p e,....vsy k.'-"' °"d 

i \ .J,k. .?f kvcJ • 1k. L4p ~' ir 
Si h""> d,u.,l-fOo!> 

~ ~ d-tc. fhJ(,k...-.S, l'\'lc:.l ''"'S i#k.. tA.I+ ('Ge,.,.°" ~ 
11,i., prok-vv 4-- ~s ~lur, So i'\- :-- ~ruv,,'M 

~~ Cl'>"VS'f It> ,-.,.INC.- t,11 G,,~ 

(i) A single photon with a wavelength of 4.00 x 10- 7 m _is absorbed by the Si sample. Calculate the energy of 

the photon in joules. 

n 

\Jnlullorlnd ~ Of - of 11111 - 11 llegal. Pao,,8 GO ON TO TH.E NEXT PAGE, 



Sample 2C 1 of 3

Begin your response to QUESTION 2 on this page. 

2. Answer the following questions about the element Si and some of its compounds. 

(a) The mass spectrum of a pw sample of Si is shown below. 

100 

• -0 
27 28 29 30 31 32 

Mw(amu) 

(i) How many protons and how many neutrons are in the nucleus of an atom of the most abundant 
isotope of Si ? 

'(he.'<e o.re IL( P" 0 torn ~"cl 14 neutToos. 

(ii) Write the ground-state electron configuration of Si. 
Is" 1 S1, 2. w,"' ; ~ 1. 3 f '1. 

1\vo compounds that contain Si are SiO2 and Sif4. 

(b) At 161 K, SiH4 bolls but SiO2 remains as a solid. Using principles of interparticle forces, explain the 
difference in boiling points. 

S"i ... 't bC)llS b~f'l>,~ ~fO-i btl'QVSC StH"f cont-aint 

fou.- H~ctro1u1~ ~'1.-c.VJ Sp4 ~d 11(1 t\-t rt~ e.t-rori where,as 

s; O,i hlil' Ito h!f Glr 045 tn~, 

I.Jnal1hollDd ~ Cl' - cl NI P1Q1 la legll. Page6 GO ON TO THE NEXT PAGE. 



Sample 2C 2 of 3

Continue your response to QUESTION 2 on this .page; 

At high temperatures, Sil4 decomposes to form solid silicon and hydrogen gas. 

(c) Write a balanced equation for the reaction. 
~ 

Si ..... l~q\ C" - Si (.S) ~ Hl.f t,, 
A table of absolute entropies of some substances is given below. 

Substance S° (1l(mol • K)) 

}½(g) 131 

Si(s) 18 

SiH4(g) 205 

(d) Explain why the absolute molar entropy of Si(s) ls less than that of }½(g~ 

Sit~, · M~ o. \owtr Mo\.:lf' enttor~ f'holY\ t11.t..'3l 

btcav\ t , 4 ,4ots no+ ),ave hy d,.o,ain b 0"d,.nj 
"'nd ,~ ti Ot 0.1 "'<r a, od~W\~M icellt~ fovor~J. 

(e) Calculate the value, in 1/(mol· K), of MO for the reaction. 

(f) The reaction is thermodynamically favorable at all temperatures. Explain why the reaction occurs only at 

high temperatures. 

AH0 -'G.Ytd AS~ Q(t <. •,.> .. ::....,h.-c..h ~how\ tt,ctt 

~.t f,tae,\'l' Or'\ ;~ iit•rmodynAMict'lllj ftll~or4PI~ '1t'

dll ~m,~'"""'.-~, ""'"' in '1•gh k..ltlptxt)tv_.~s b"'f• 

Q.t\tJ o ~0 l rtspecnv~t':t, art > > > s o #\"- r~ach·on 

onkj oc..c.vt.s if\ h;f3h 1-tmptrQtvr'~J ~tQvSe tm si9ns 
ClU IOOl"h > foY' 0 S• 

l ~~'or111M9t'11,1,JJ!O_t~lftoal. Page7 GQ ON TOltlE NEXT PAGE. 



Sample 2C 3 of 3

Continue your response to QUESTION 2 on this page. 

(g) A partial photoelectron spectrum of pure Si is shown below. On the spectrum. draw the missing peak that 
corresponds to the electrons in the 3p sublevel. 

J 

J ... 
1,000 100 10 0.1 

Binding Energy (MJ/mol) 

(h) Using principles of atomic structure, explain why the first ionization energy of Ge is lower than that of Si. 

Ge no.s 1Y)()(t vat,nce eltttrbt'l~ C't'\c4 Q low-t,,r 
-e \te worit~QnV•~ plut ,·t<. below <:>i Or)li'lt 

ftr,odic lo»\e <esul-'1 i V1~ •" Q lower h rn 1ot1i-2Qtio~ 

en·<t', ~ ~or\ t'\'\~ \- C>t ~ i . 

(I) A single photon with a wavelength of 4.00 x 10- 7 m is absorbed by the Si sample. Calculate lbe energy of 

the photon in joules. 

lJnlulhorlDd oopy1ng 0, - ol .... page la lllegll. Page 8 GO ON TO THE NEXT PAGE. 
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Question 2 

Note: Student samples are quoted verbatim and may contain spelling and grammatical errors. 

Overview 

Question 2 deals with the atomic structure of silicon and the properties of silicon-containing compounds. In part 
(a)(i), the student is asked to interpret a mass spectrum to determine the number of subatomic particles in the 
most abundant isotope of Si (SPQ-1.B, 5.D). Part (a)(ii) asks for the ground-state electron configuration of Si 
(SAP-1.A, 3.B). In part (b), the student must use principles of interparticle forces to explain the relative boiling 
points of SiH4 vs. SiO2 (SAP-5.B, 6.E).  

Part (c) asks for the balanced chemical equation that describes the decomposition of SiH4 into elemental silicon 
and hydrogen gas (TRA-1.B, 5.E). These two products have different absolute molar entropies, as shown in a 
data table, and the student is asked to explain why S°  of solid Si is less than that of H2 gas (ENE-4.A, 6.E). The 
absolute entropies are used in part (e) to calculate the standard entropy change of the reaction (ENE-4.B, 5.F). 
Part (f) then asks for an explanation for why the reaction occurs only at high temperatures (ENE-4.D, 4.A), despite 
being thermodynamically favorable at all temperatures.  

Part (g) shows an incomplete photoelectron spectrum of silicon, which must be completed by drawing the 
missing peak corresponding to the electrons in the 3p subshell (SAP-1.B, 3.A). Part (h) asks the student to 
compare the first ionization energies of Si and Ge using principles of atomic structure (SAP-2.A, 6.C). Finally, 
part (i) involves a calculation of the energy of a single photon of a given wavelength (SAP-8.B, 5.F). 

Sample: 2A 
Score: 10 

Part (a)(i) earned 1 point. The response gives the correct numbers of protons and neutrons in the most abundant 
isotope of Si. Part (a)(ii) earned 1 point. The response gives the correct electron configuration of Si. Part (b) 
earned 1 point. The response correctly identifies the interparticle forces as London dispersion forces in SiH4 and 
as covalent bonds in the network covalent solid SiO2. The comment about LDFs in SiO2 was ignored since the 
comparison is between the strength of covalent bonds in a network covalent solid and LDFs in a molecular solid. 
Part (c) earned 1 point. The response shows a correct and balanced equation for the decomposition of SiH4 to 
form Si and H2. Part (d) earned 1 point. The response explains the difference in molar entropy correctly by 
indicating that the particles in a solid cannot move freely while those in a gas can. Part (e) earned 1 point. The 
response shows a correct calculation of the entropy change for the reaction. Part (f) earned 1 point. The response 
states correctly that at high temperature the particles have enough energy to overcome the activation energy 
barrier. Part (g) earned 1 point. The response correctly shows a peak on the spectrum at the correct location and 
height. Part (h) earned 1 point. The response correctly includes an additional quantum level, increased electron-
nuclear distance, and weaker electron-nuclear attraction to explain the lower ionization energy of Ge. The 
comment about effective nuclear charge was ignored since the shell structure of the atom is correctly described. 
Part (i) earned 1 point. The response correctly calculates the energy of the photon. 

Sample: 2B 
Score: 7 

Part (a)(i) earned 1 point. The response gives the correct numbers of protons and neutrons in the most 
abundant isotope of Si. Part (a)(ii) earned 1 point. The response gives the correct electron configuration of Si. 
No point was earned for part (b). The response does not state that SiO2 is a network covalent solid in which the 
interparticle forces are covalent bonds. Part (c) earned 1 point. The response shows a correct and balanced 
equation for the decomposition of SiH4 to form Si and H2. No point was earned for part (d). The response states 
that the particles in a gas move freely but does not compare that to the particles in Si(s), so it did not earn the 
point. Part (e) earned 1 point. The response shows a correct calculation of the entropy change for the reaction. 
No point was earned for part (f). The response incorrectly uses the temperature dependence of ΔG and the 
relative sizes of ΔH and – TΔS to explain that the reaction only occurs at high temperatures. However, the stem  
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Question 2 (continued) 

states that the reaction is thermodynamically favorable at all temperatures. Part (g) earned 1 point. The 
response correctly shows a peak on the spectrum at the correct location and height. Part (h) earned 1 point. 
The response correctly includes an additional energy level, increased electron-nuclear distance, and weaker 
electron-nuclear attraction to explain the lower ionization energy of Ge. Part (i) earned 1 point. The response 
correctly calculates the energy of the photon. 

Sample: 2C 
Score: 3 

Part (a)(i) earned 1 point. The response gives the correct numbers of protons and neutrons in the most abundant 
isotope of Si. Part (a)(ii) earned 1 point. The response gives the correct electron configuration of Si. No point was 
earned for part (b). The response does not identify the interparticle forces in either SiH4 or SiO2. No point was 
earned for part (c). The response shows an incorrect equation for the decomposition of SiH4. No point was earned 
for part (d). The response does not describe entropy of particles in the solid and gas phases, so it did not earn the 
point. No point was earned for part (e). The response shows an incorrect calculation of the entropy change in the 
reaction. No point was earned for part (f). The response incorrectly attempts to use the signs of ΔH°  and ΔS°  to 
explain that the reaction only occurs at high temperatures. However, the stem states that the reaction is 
thermodynamically favorable at all temperatures. Part (g) earned 1 point. The response correctly shows a peak on 
the spectrum at the correct location and height. No point was earned for part (h). The response mentions the 
periodic trend of electronegativity but has no atomic structure explanation for the lower ionization energy of Ge, 
so it did not earn the point. No point was earned for part (i). The response incorrectly calculates the energy of the 
photon. 
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