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AP® Chemistry 2021 Scoring Guidelines

Question 2: Long Answer 10 points

(a) (i) For the correct answer: 1 point
p

14 protons and 14 neutrons

(i) For the correct answer: 1 point
Accept one of the following:

o 157257 2p% 357 3p°

e [Ne] 3s° 3p°

Total for part (a) 2 points

(b) For a correct explanation: 1 point

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

(c) For the correct balanced equation (state symbols not required): 1 point
SiH,(g) > Si(s)+2 H,(g)
(d) For a correct explanation: 1 point

The H(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.

(e) For the correct calculated value: 1 point

AS® = (18+2(131))=205 = +75 J/(mol _ -K)

® For a correct explanation: 1 point

High temperature is required for the reactant particles to have sufficient thermal energy to
overcome the activation energy of the reaction.
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AP® Chemistry 2021 Scoring Guidelines

(®

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.

Relative Number of Electrons

; ,

100 10 i 0.1
Binding Energy (MJ/mol)

o
S
=)

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

®

For the correct calculated value:

2.998x10* ms™
4.00x107" m

Ethzh(%j:6.626x1034 J-s[ }:4.97x1019 ]

1 point

Total for question 2

10 points
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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

27 28 29 30 31 32
Mass (amu)

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

isotope of Si 7 MOSS*® 2.8

- Droxons =\, U s'.l'*\

(g} Write the ground-state tate el n confi of s, . R
s ' o NI
\st 281§ gs"-"g‘(s v {
wocmmwmmﬂSimSDzmsm *‘ ‘wu\ N O TP vy

(b) At 161 K, SiH,4 boils but SiO; remains as a solid. Usmg prlncnples of interparticle forces, explain the
difference in points.

S R R eenecular S siide. London
Dispesion ForcesGR), St olﬂmw\auw

foree.® D% 0S ux. However‘&oo.? a
Tetwodd. comtent, Solid, wicn_ means WS "
Covdlent \ongs oXe q.qr q-WI:hW-“_"" b
Since 'Si0 ¥ getuibrk covaleine BNe; \T

hoS @ Wlh  rignee oollvg ot
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Sample 2A 2 of 3

Continue your response to QUESTION 2 on this page.

At high temperatures, SiH4 decomposes to form solid silicon and hydrogen gas.
(c) Write a balanced equation for the reaction.

S\ HUI — S\(S) *Q_H‘]_(q\

A table of absolute entropies of some substances is given below.

Substance |S° (J/(mol - K))

Hy(g) 131

Si(s) 18
SiHy(g) 205

(d)mwhydnmmenmowi(a)illeuthm:huofl-lz(g).
SNCON \s o SOMd, Whith peans hat \1
cannot move Fwee\la- \ike o gas can. BENWopY
S tht yweasuve  of ss” of 8 Gom R
Gas con move Fm.\q-«-w ﬂth a hiqhﬂ" entvopy

(e) Calculate the value, in J/(mol- K), of AS® forthe

(\3-\-1(\3\\\ 105 = 75 .:L_

\

'i
TN 15

;?g’ibeuacmuuthemwdymm:cnﬂyfmlblennlltmpum Exphhwuymémbhmoeamoniyn
e e Yeockons \s - 8 d“"""""d" .l
50 bel-0dded 10 ¥he SMC""‘M"Q“ rempers

i%/En0 - 10 break Nese
mbonas, and ﬁ& m\c\eb can Ge ovev A
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Sample 2A 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.

s

£

=

Z .

E v ' J

E A A M\

1,000 100 10 1 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.

S\ oS 0. \Waeey e4Gective nuclear crange Hnen
Ge does. S G\sa o RREWOSwy A dpuueradil
GUANIAN leve (Rtn Ge A0S Jirce Te electons
aYe Sovener awaly om anie nckus N Ge tnexr
oA 1o ¥t wdls is weaK, so te 13* {onizoxion
QVR'“%& 'S \awex.

(i) A single pl with a wavelength of 4.00 x 10~ m is absorbed by the Si sample. Calculate the energy of
the photon in joules.
1.4a%X\0 & - 4,00x\07(v)
v=T7.405 M0

E = ¢.20 103 (a5 ™)
E=0.97x10" S
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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

Relative Abundance
82 8 3 &

27 28 29 30 31 32
Mass (amu)

(i) How many protons and how many neutrons @ré in the nucteus-of an atom of the most abundant

isotope of Si ? U pmic.v'l5 4 M neo ' <

R

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

ls¢ 25t 20 3,% 3p*

Two compounds that contain Si are SiO; and SiH,.
(b) At 161 K, SiH,4 boils but SiO, remains as a solid. Using principles of interparticle forces, explain the
difference in boiling points. (st 3
H . I& g-
L

1 .
W -3 —H co=8 =0°

I

H
Bodtn  SiMy, 4 Si0p e nanpoler conpovwrets  with
Jond on ol'«sp.usi&vu borees, Fecwse 50, hes f""’”’
chl-rov's’ i s mec ' whidh  mekes ks
Indrmotecvler  Gorces  grembs  Hama SiHy. This is
w‘ﬁy S\“’Q‘ has ¢ [ovas b'iio'a) mﬂ*
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Sample 2B 2 of 3

Continue your response to QUESTION 2 on this page.

At high temperatures, SiH, decomposes to form solid silicon and hydrogen gas.
(c) Write a balanced equation for the reaction.

Si By ) Y St () + Z.-H-; (s)
A table of absolute entropies of some substances is given below.

Substance |$° (J/(mol - K))
Hy(g) 131
Si(s) 18
SiHy(g) 205

(d) Explain why the absolute molar entropy of Si(s) is less than that of Hy(g).

T+ 185 kess Haen Haok  oF H, (9) becowse e
4as oveS Greely Mﬁl-o*’ ks cotuns akiag

#1' Ghjofd” \i.ﬂ(/‘(/“ﬂ-

(e) Calculate the value, in J/(mol- K), of AS® for the reaction,
DS = £8° products = $5° padets

HS = (zum)r l'() & (LOS) P’S': 7S T/uel L

(f) The reaction is thermodynamically favorable at all temperatures. Explain why the reaction occurs only at
high temperatures.
The achon anky  geeess at kialn -(—cn-'g-uai-ums
bewwse DI uod be  posihve. e Wghar  He
}""'f’ He e  nggabive He valbe of TS il
be nd He  more vl be  sobhaeked for AU
b ML& Ab ~ ngjava— V‘Q'M

Noz OH- TS

Unauthorized copying or reuse of this page is egal. . Page7 GO ON TO THE NEXT PAGE.




Sample 2B 3 of 3

Conﬂnuoyourmpomtoﬁﬂﬂbﬂ:onhhmo.

(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.
¢
19

Relative Number of Electrons
;r-
b
c
I
xi‘
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Binding Energy (MJ/mol)
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_
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—

(h) Using principles of atomic structure, explain why the first ionization energy of Ge is lower than that of Si.
The  Frsk T v lar in  be beaause

M Yp  epugy hvd ond

He 3 ked. Mo Yo el

mabing  He  appprachon  behuscen

be hat  eledrars n
S ey dedras an
(s o He  pudess,
He polas & eleckrors  werkd, S0 Sb Cinquins
k£t crvsy lo remeve o €]
(i) A single photon with a wavelength of 4.00 x 107" m is absorbed by the Si sample. Calculate the energy of
the photon in joules.
(= Av
N
T.- 11u 7
2.4491#0*: A 00me” v

I by
- I

e 7,:.'.«1.5'\“0”

11

E=- ga7x0 1f
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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 pure sample of Si is shown below.

100

80

Relative
& 2

(3
(=

27 28 29 30 31 32
Mass (amu)

(i) How many protons and how many neutrons are in the nucleus of an atom of the most abundant
2814 isotope of Si ?
Theve are M pre'ons and 1y peyutrong,

(ii) Write the ground-state electron configuration of Si.
|s‘l 191. 2 Pﬁ 351- 3F1

Two compounds that contain Si are SiO, and SiH,.
(b) At 161 K, SiH, boils but SiO, remains as a solid. Using principles of interparticle forces, explain the
difference in boiling points.
SiHy botls before $70; pecquse SiHy containg
fovr Hydroqens which speed vp e reachon where;
SiD2 has WMo hydroqens.
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Sample 2C 2 of 3

Continue your response to QUESTION 2 on this page.

At high temperatures, SiH; decomposes to form solid silicon and hydrogen gas.
(c) Write a balanced equation for the reaction.
. +
SiHy taqy &= Sir v Hyd

A table of absolute entropies of some substances is given below.

Substance [5° (J/(mol - K))
Hy(g) 131
Si(s) 18
SiHy(g) 205

(d) Explain why the absolute molar entropy of Si(s) is less than that of Hy(g).
Sl.ts\' has a lower molar enhors Wan Hi‘_e\
becauge ¢ does not have hydregen bending

and S N0t as  her hodghanmilq "'Wo"'”'-
(e) Calculate the value, in J/(mol- K), of AS® for the reaction.
8S* = (206 o) = (149 N met k)

AS® 2 56 Jmol-k)

high temperatures,

ave both > Ffov AQse

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

aH® and AS* are < 2 which shows thal
e reacnon s fhumodghamfcall.j faverable &v
all femperatuve, but in n.'gh temperorvves AH°
and QSO respechvely, are > > |, SO the reachon

only occvrs in  high kemperatures because the signs
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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.

|

Relative Number of Electrons

, A JLA

100 10 i 0.1
Binding Energy (MJ/mol)

E

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

Ge has more valence eleckhony and a lowey
el\eg WOnt%un'w'hj plus 1ts  below  Si on e
penodic toble l’esﬂ”“ﬂ "o lower A5} yonization
entrgy on thav of Sy,

(i) A single photon with a wavelength of 4.00 x 107 m is absorbed by the Si sample. Calculate the energy of
the photon in joules.

F=hv

E= (6.626x107")5) (4.00x107})

£:2.b504 x(Q™"°
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AP® Chemistry 2021 Scoring Commentary

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 SiH, vs. SiO; (SAP-5.B, 6.E).

Part (c) asks for the balanced chemical equation that describes the decomposition of SiH, 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 H, 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 SiH, and
as covalent bonds in the network covalent solid SiO,. The comment about LDFs in SiO, 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 SiH, to
form Si and H,. 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 SiO; 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 SiH, to form Si and H.. 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 AG and the
relative sizes of AH and — TAS to explain that the reaction only occurs at high temperatures. However, the stem
© 2021 College Board.
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AP® Chemistry 2021 Scoring Commentary

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 SiH, or SiO,. No point was
earned for part (c). The response shows an incorrect equation for the decomposition of SiH,. 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 AH® and AS° 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.

© 2021 College Board.
Visit College Board on the web: collegeboard.org.


https://collegeboard.org

	AP® Chemistry Sample Student Responses and Scoring Commentary
	Sample 2A
	Sample 2B
	Sample 2C
	Question 2 
	Overview 
	Sample: 2A 
	Sample: 2B 
	Sample: 2C 





