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CHEMISTRY
‘Section I
(Total time—90 minutes)

Part A
Time—40 minutes
YOU MAY USE YOUR CALCULATOR FOR PART A.

CLEARLY SHOW THE METHOD USED AND THE STEPS INVOLVED IN ARRIVING AT YOUR ANSWERS.
It is to your advantage to do this, since you may obtain partial credit if you do and you will receive little or no credit if
you do not. Attention should be paid to significant figures.

Be sure to write all your answers to the questions on the lined pages following each question in this booklet Do
NOT write your answers on the lavender insert.

Answer Question 1 below. The Section IT score weighting for this question is 20 percent.

K = [H,07][OCI"]

= -8
«=""mmocy 32x10

1. Hypochlorous acid, HOCI, is a weak acid in water. The K, expression for HOCI is shown above.

(a) Write a chemical equation showing hbw HOC]1 behaves as an acid in water.
(b) Calculate the pH of a 0.175 M solution of HOCL

(c) Write the net ionic equation for the reaction between the weak acid HOCl(ag) and the strong base
NaOH(ag). '

(d) In an experiment, 20.00 mL of 0.175 M HOCl(agq) is placed in a flask and titrated with 6 55 mL of -
0.435.M NaOH(ag).

(i) Calculate the number of moles of NaOH(agq) added.
(i) Calculate [H;O0%] in the flask after the NaOH(ag) has been added.

(iii) Calculate [OH™] in the flask after the NaOH(agq) has been added.
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GO ON TO THE NEXT PAGE.
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ADDITIONAL PAGE FOR ANSWERING QUESTION 1.
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GO ON TO THE NEXT PAGE.
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CHEMISTRY
Section IT
(Total time—90 minutes)

Part A
Time—40 minutes
YOU MAY USE YOUR CALCULATOR FOR PART A.

CLEARLY SHOW THE METHOD USED AND THE STEPS INVOLVED IN ARRIVING AT YOUR ANSWERS.
It is to your advantage to do this, since you may obtain partial credit if you do and you will receive little or no credit if
you do not. Attention should be paid to significant figures.

Be sure to write all your answers to the questions on the lined pages following each question in this booklet. Do
NOT write your answers on the lavender insert.

Answer Question 1 below. The Section II score weighting for this question is 20 percent.

_[H,0M)ocr] -8 A
K, = =raap— = 32%10 0O

1. Hypochlorous acid, HOCI, is a weak acid in water. The K, expression for HOCI is shown above.

(a) Write a chemical equation showing how HOCI behaves as an acid in water. X o

Y0
-
(b) Calculate the pH of 2 0.175 M solution of HOCL wode s OR

(c) Write the net ionic equation for the reaction between the weak acid HOCl(ag) and the strong base
NaOH(ag).
DL A

(d) In an experiment, 20. 00 mL of 0.175 M HOCl(ag) is placed in a flask and titrated with 6.55 mL of
0.435 M NaOH(ag).

(1) Calculate the number of moles of NaOH(ag) added.
(i) Calculate [H;0"] in the flask after the NaOH(ag) has been added.

(iii) Calculate [OH™] in the flask after the NaOH(agq) has been added.
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ADDITIONAL PAGE FOR ANSWERING QUESTION 1.
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CHEMISTRY ' l C l
Section I
(Total time—90 minutes)

Part A
Time—40 minutes
YOU MAY USE YOUR CALCULATOR FOR PART A.

CLEARLY SHOW THE METHOD USED AND THE STEPS INVOLVED IN ARRIVING AT YOUR ANSWERS.
It is to your advantage to do this, since you may obtain partial credit if you do and you will receive little or no credit if
you do not. Attention should be paid to significant figures.

-Be sure to write all your answers to the questions on the lined pages following each question in this booklet. Do
NOT write your answers on the lavender insert.

Answer Question 1 below. The Section II score weighting for this question is 20 percent.

_ [H;07][0CI"]

- 1n=-8
« = Hoay — = 32%10

1. Hypochlorous acid, HOC], is a weak acid in water. The K, expression for HOCl is shown above.

(a) Write a chemical equatioh showing how HOCI behaves as an acid in water.

(b) Calculate the pH of a2 0.175 M solution of HOCIL.

(c) Write the net ionic equation for the reaction between the weak acid HOC}(ag) and the strong base
NaOH(ag).

(d) In an experiment, 20.00 mL of 0.175 M HOCl(agq) is placed in a flask and titrated with 6.55 mL of
0.435 M NaOH(ag).

0] Calculaie the number of moles of NaOH(aq) added.
(ii) Calculate [H;07] in the flask after the NaOH(aq) has been added.

(ii) Calculate [OH™] in the flask after the NaOH(aq) has been added.
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ADDITIONAL PAGE FOR ANSWERING QUESTION 1.
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GO ON TO THE NEXT PAGE.
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~ ADDITIONAL PAGE FOR ANSWERING QUESTION 2.
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ADDITIONAL PAGE FOR ANSWERING QUESTION 2. a B
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GO ON TO THE NEXT PAGE.
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ADDITIONAL PAGE FOR ANSWERING QUESTION 2.
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ADDITIONAL PAGE FOR ANSWERING QUESTION 3.
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ADDITIONAL PAGE FOR ANSWERING QUESTION 3.
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ADDITIONAL PAGE FOR ANSWERING QUESTION 3.
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USE THIS PAGE FOR ANSWERING QUESTION 4.
PLEASE WRITE THE LETTER FOR THE REACTION IN THE SQUARE AT THE

LEFT END OF EACH BOX. ONLY THE ANSWERS IN THE BOXES WILL BE SCORED.

h|  Pbt Ay — PBT A,

0 2.7 % NHs = Zn (NVHD,

o oH  + CiHs00H — H,0 +(Hh00

e | kv Ho— K eoH H

GO ON TO THE NEXT PAGE.
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USE THIS PAGE FOR ANSWERING QUESTION 4.
- PLEASE WRITE THE LETTER FOR THE REACTION IN THE SQUARE AT THE

LEFT END OF EACH BOX. ONLY THE ANSWERS IN THE BOXES WILL BE SCORED.

C’SHQ + O "*"'—“"_% e WO,

£+ O —= fon =+ K

"+ —— HF

GO ON TO THE NEXT PAGE.
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USE THIS PAGE FOR ANSWERING QUESTION 4.
' PLEASE WRITE THE LETTER FOR THE REACTION IN THE SQUARE AT THE

LEFT END OF EACH BOX. ONLY THE ANSWERS IN THE BOXES WILL BE SCORED.

CH, + © = €O, + Ho

CH, COOH + Ba(OH), — (HyCo0)Ba + K O

- k=Ho K+ Ho = kol + H

Naf + Hcl = Nacl + HF

PL + A —> P + 4,

\3

GO ON TO THE NEXT PAGE.
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Your responses to the rest of the questions in this part of the examination will be graded on the basis of the accuracy
and relevance of the information cited. Explanations should be clear and well organized. Examples and equations -
may be included in your responses where appropriate. Specific answers are preferable to broad, diffuse responses.

Answer BOTH Question 5 below AND Question 6 printed on page 24. Both of these questions will be graded. The
Section II score weighting for these questions is 30 percent (15 percent each).

2 Al(s) + 2KOH(aq) + 4H,S0,(aq) + 22 H,0() — 2KAISO,), 12H,0(s) + 3 Hy(g)

5. In an experiment, a student synthesizes alum, KAI(SO,),-12H,0(s), by reacting aluminum metal with potassium
hydroxide and sulfuric acid, as represented in the balanced equation above.

(a) In order to synthesize alum, the student must prepare a 5.0 M solution of sulfuric acid. Describe the
procedure for preparing 50.0 mL of 5.0 M H,SO, using any of the chemicals and equipment listed below
Indicate specific amounts and equipment where appropriate.

10.0 M H,SO, 50.0 mL volumetric flask
. Distilled water : 50.0 mL buret

100 mL graduated cylinder 25.0 mL pipet

100 mL beaker 50 mL beaker

(b) Calculate the minimum volume of 5.0 M HZS O, that the student must use to react completelyiwith
2.7 g of aluminum metal.

(c) As the reaction solution cools, alum crystals precipitate. The student filters the mixture and dries the
crystals, then measures their mass.

(i) If the student weighs the crystals before they are completely dry, would the calculated percent yield be
greater than, less than, or equal to the actual percent yield? Explain.

(ii) Cooling the reaction solution in an ice bath improves the percent yield obtained. Explain.

(d) The student heats crystals of pure alum, KAI(SO,),*12H,0(s), in an open crucible to a constant mass. The
mass of the sample after heating is less than the mass before heating. Explain.
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GO ON TO THE NEXT PAGE.
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.| ADDITIONAL PAGE FOR ANSWERING QUESTION 5.
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Your responses to the rest of the questions in this part of the examination will be graded on the basis of the accuracy
and relevance of the information cited. Explanations should be clear and well organized. Examples and equations
" may be included in your responses where appropriate. Specific answers are preferable to broad, diffuse responses.

Answer BOTH Question 5 below AND Question 6 printed on page 24. Both of these questions will be graded. The
Section II score weighting for these questions is 30 percent (15 percent each).

CzAl(s)‘;-;- 2 KOH(agq) +*4HZSO4(aq) + 22H,00) — xz KAISO,),- 12H,0(9)] + 3 Hy(g)
\\__/'/ g™

5. In an experiment, a student synthesizes alum, KAI(SO,), 12H20(s), by reacting aluminum metal with potassium
hydroxide and sulfuric acid, as represented in the balanced equation above.

(a) In order to synthesize alum, the student must prepare a 5.0 M solution of sulfuric acid. Describe the
procedure for preparing 50.0 mL of 5.0 M H,SO, using any of the chemicals and equipment listed below.
Indicate specific amounts and equipment where appropriate.

{10.0M H,50, ) 50.0 mL volumetric flask
Distilled water 50.0 mL buret

© 100 mL graduated cylinder ¢ 25.0 mL pipet
100 mL beaker 50 ml beaker

(b) Calculate the minimum: volume\of 5.0 M H,S0O, that the student must use to react completel¥ with
2 7 g of aluminum metal.

(c) As the reaction solution cools, alum crystals precipitate. The student filters the mixture and dries the
crystals, then measures their mass.

(i) If the student weighs the crystals before they are completely dry, would the calculated perccnt yield be -

,) [! e o G
greater than, less than, or equal to the actual percent yield? Explain. oY = °_5_.’l"‘.; ‘m Ad S

(ii) Cooling the reaction solution in an ice bath improves the percent yield obtained. Explain.

(d) The student heats crystals of pure alum, KA1(SO,),*12H,0(s), in an open crucible to a constant mass. The
mass of the sample after heating is less than the mass before heating. Explain.

A nty ob moles w2bord dilukon = o OF mpows  pfier diluhon .

€, = I0.O M C,=5.0M CV, = N, = _ -
v, =2 V.= 50.0mlL v, = ¢V, - (50)(50.0) _ 265.0ml
| C, (0.0

Using a_25.0 mi yipor, Wancker 25.0mi of 10.0M 1,80, int> o
50.0 mi vblumetic Hask . Add dishlled water w e tagk uvnhl

Mw@@eﬁ_awwgu The. YeSUINNG  ¢DIUWDW IS

50.0mb , 5.0M 4,304
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Your responses to the rest of the questions in this part of the examination will be graded on the basis of the accuracy
and relevance of the information cited. Explanations should be clear and well organized. Examples and equations
may be included in your responses where appropriate. Specific answers are preferable to broad, diffuse responses.

Answer BOTH Question 5 below AND Question 6 printed on page 24. Both of these questions will be graded. The
Section II score weighting for these questions is 30 percent (15 percent each).

2 Al(s) + 2KOH(ag) + 4 H,S0,(ag) + 22 H,0() — 2KAI(SO,),"12H,0(s) + 3 Hy(g)

5. In an experiment, a student synthesizes alum, KAI(SO,),-12H,0(s), by reacting aluminum metal with potassium
hydroxide and sulfuric acid, as represented in the balanced equation above.

(2) In order to synthesize alum, the student must prepare a 5.0 M solution of sulfuric acid. Describe the
procedure for preparing 50.0 mL of 5.0 M H,SO, using any of the chemicals and equ1pment listed below.
Indicate specific amounts and equipment where appropriate.

10.0 M H,SO, 50.0 mL volumetric flask
~ Distilled water 50.0 mL buret

100 mL graduated cylinder 25.0 mL pipet

100 mL beaker 50 mL beaker

(b) Calculate the minimum volume of 5.0 M H,SO, that the student must use to react completelydwith
2.7 g of aluminum metal.

(c) As the reaction solution cools, alum crystals precipitate. The student filters the mixture and dries the
crystals, then measures their mass. :

(1) If the student weighs the crystals before they are completely dry, would the calculated percent yield be
greater than, less than, or equal to the actual percent yield? Explain.

(1) Cooiirig the reaction solution in an ice bath improves the percent yield obtained. Explain.

(d) The student heats crystals of pure alum, KAI(SO,),*12H,0(s), in an open crucible to a constant mass. The
mass of the sample after heating is less than the mass before heating. Explain.

@ Oml ot 10.0M H:SOu in  100ml broker then foAr
25ml distifled H, 20 rnh o amolmmlw’ Oylwhr ansh ol

Y3 Fhe JOO mL \340\‘\0’ ol H)Q()VI

B 2 \ Imole § Toale | 11 - Ly

e | mo\@‘i 5 pple 19
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0.10 mol 0.10 mol
N,(g) H,(g)
10L 10L
298 K 208 K

6. Consider two containers of volume 1.0 L at 298 K, as shown above. One container holds 0.10 mol N,(g) and
the other holds 0.10 mol Hy(g). The average kinetic energy of the N,(g) molecules is 6.2 x 107! J. Assume
that the Ny(g) and the H,(g) exhibit ideal behavior.

(a) Is the pressure in the container holding the Hy(g) less than, greater than, or equal to the pressure in the
container holding the N,(g) ? Justify your answer.

(b) What is the average kinetic energy of the H,(g) molecules?
(c) The molecules of which gas, N, or H,, have the greater average speed? Justify your answer.

(d) What change could be made that would decrease the average kinetic energy of the N,(g) molecules in the
container?

(e) If the volume of the container holdmg the Hz(g) was decreased to 0.50 L at 298 K, what would be the
change in each of the following variables? In each case, justify your answer.

(i) The pressure within the container

(ii) The average speed of the H,(g) molecules

@  pV=nky

b= B dne e it of o, enpretue and volemg ot el

\Yj
10 both (ontaintal,

anA Wfffaﬁ% R 15 & (onstont,

Yo preswo 0 tho (ontunin olding, te Hx 1 equad 10 thy

Pm‘m\l N A contounn \I\O\,.()\qu P N

O gine ovenose  \aneic eevgy i direckly ?m@:ﬁwaﬁ fo femg?_m’%&)f?;

and  Yhe ’fﬁmmm?ufe% v (ontogm B QAQ:’ Qe
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0.10 mol
Na(®)
10L 1.0L
298 K 298 K

6. Consider two containers of volume 1.0 L at 298 K, as shown aBovc. One container holds 0.10 mol Ny(g) and
the other holds 0.10 mol H,(g). The average kinetic energy of the N,(g) molecules is 6.2 X 10721 J. Assume
that the N,(g) and the H,(g) exhibit ideal behavior.

(a) Is the pressure in the container holding the H,(g) less than, greater than, or equal to the pressure in the
container holding the N,(g) ? Justify your answer.

(b) What is the average kinetic energy of the H,(g) molecules?
(c) The molecules of which gas, N, or H,, have the greater average speed? Justify your answer.

(d) What change ¢ould be made that would decrease the average kinetic energy of the N,(g) molequles in the
container?

(e) If the volume of the container holding the H,(g) was decreased to 0.50 L at 298 K, what would be the
change in each of the following variables? In each case, justify your answer.

(i) The pressure within the container
(ii) The average speed of the H,(g) molecules

byne presgufe in e contaiter V\o\c&mc(.’ Yo ool 18
€Qua\ ‘p dne. presiure Inwrn (onwanee Violding dhne N (o )\
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-1— «
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0.10 mol . '
N,(g)
10L 10L
208 K 298 K

6. Consider two containers of volume 1.0 L at 298 K, as shown above. One container holds 0.10 mol N,(g) and
the other holds 0.10 mol H,(g). The average kinetic energy of the N,(g) molecules is 6.2 x 1072! J. Assume
that the N,(g) and the Hy(g) exhibit ideal behavior.

(a) Is the pressure in the container holding the H,(g) less than, greater than, or equal to the pressure in the
container holding the N,(g) ? Justify your answer.

(b) What is the average kinetic energy of the H,(g) molecules?

(c) The molecules of which gas, N, or H,, have the greater average speed? Justify your answer.

(d) What change could be made that would decrease the average kinetic energy of the Ny(g) molecules in the
container?

(e) If the volume of the container holding the H,(g) was decreased to 0.50 L at 298 K, what would be the
change in each of the following variables? In each case, justify your answer.

(i) The pressure within the container

(ii) The average speed of the Hy(g) molecules
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Answer EITHER Question 7 below OR Question 8 printed on page 28. Only one of these two questions will be
graded. If you start both questions, be sure to cross out the question you do not want graded. The Section II score
weighting for the question you choose is 15 percent.

7. Answer the following questions about thermodynamics.

Sub Combustion Reacti Enthalpy of Combustion,
ubstance ombustion Reaction AH?, . at298K (kI mol™)
H@ Hye) + 30,8) = H,00 290

C(s) C(s) + Oy(8) — CO4(g) -390
3 .
CH;OH() | Cu;OHcg) + 30,9 —> Q0 +2H0,) ~730

(a) In the empty box in the table above, write a balanced chemical equation for the complete combustion of
_ one mole of CH;OH(/). Assume products are in their standard states at 298 K. Coefficients do not need
to be whole numbers.

(b) On the basis of your answer to part (a) and the information in the table, determine the enthalpy change for
the reaction C(s) + Hy(g) + H,O0() — CH;0H()).

(c) Write the balanced chemical equation that shows the reaction that is used to determine the enthalpy of
formation for one mole of CH,OH(/).

(d) Predict the sign of AS® for the combustion of H,(g). Explain your reasoning.

(e) On the basis of bond energies, explain why the combustion of Hy(g) is exothermic.

Hooyt 2 Qo ey = W04, aH = -290 LJ
24O, FCO . —> CHOH +20 . ol =730 kT
r3 lu’ “<F7 o ‘i(}} I3 “\J7 )
£ '

(tlocele lq.r.;‘

TITEsSs S Qe

oH= aH + al, +aH 3
= -390 -290 * 730
= B0 J

) g )

d) [+ fs negc&wc.’ —'(mho‘llj _we_ have  ope ond  a holl wpote—f
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Answer EITHER Question 7 below OR Question 8 printed on page 28. Only one of these two questions will be
graded. If you start both questions, be sure to cross out the question you do not want graded The Section II score
weighting for the question you choose is 15 percent. . = - o= . ‘

(%‘ Answer the following questions about thermo;iynamics.

u}

Sub Combustion Reacs - Enthalpy of Combustion,
ubstance omobustion Reaction AHZomb _at 208 K (kJ mol‘l)
Hy(g) Hz(g) + —oz(g) - Hzoa) o 290
C(s) C(s) + Ox(g) = COy(g) __ -390
CH;0H() |CHzOH(V B29) > COxlgy gHa0 (L) - g0 b

}a) In the empty box in the table above, write a Balanced chemical equation for the complete combistion of
one mole of CH;OH(J). Assume products are in their standard states at 298 K Coefficients do not need
to be whole numbers.

(b), On the basis of your answer to part (a) and the information in the table, determine the enthalpy change for
/ thereaction C(s) + Hy(g) + H,0() - CH,OH()). ;

(c) Write the balanced chemical equation that shows the reaction that is‘used to determine the enthalpy of
formation for one mole of CH;0H(/). v

(d) Predict the sign of AS° for the combustion of H,(g). Explain your reasoning. (-~

(¢) On the basis of bond energies, explain why the combustion of Hy(g) is exothermic.

0) CHaoH (4) + 40y (9) = Coaig) + W0 (£)

4
, el
b) Coptg) + o (1) -> F0r13) _+ (H3 OH U mesmR0g o0
| () + ({_)3%75 - (’bg/bgf _aH— =380 kijmd
- Hag) + 3.6:G) > Hin L) pa = =290

(+ (D ++4qm\ = (g OH (1) T3 thv CeaeHon we

LR = 3RO —30)0 9_90
' DR =0 KT ool \
l A A | _J

GO ON TO THE NEXT PAGE.
-26-

Copyright © 2005 by College Board. All rights reserved.
Visit apcentral.collegeboard.com (for AP professionals) and www.collegeboard.com/apstudents (for students and parents).




BBBBBBBBBBBBBB7BQ~

ADDITIONAL PAGE FOR ANSWERING QUESTION 7.

AH®E ornducks = AHOE repe tents
AW (COQ_.\ -(—&H"f(HzO)J 2 —AH®L cuged
comb’ (ompustion £ forrcation

a0t :__

._'f[\H“.GCHgnH = AH°L (o) + 0 _ o

GO ON TO THE NEXT PAGE.
«27-
Copyright © 2005 by College Board. All rights reserved.
Visit apcentral.collegeboard.com (for AP professionals) and www.collegeboard.com/apstudents (for students and parents).



EBBBBBBBEBEBBEBEBSEB °

—

Answer EITHER Question 7 below OR Question 8 printed on page 28. Only one of these two questions will be
graded. If you start both questions, be sure to cross out the question you do not want graded. The Section II score
weighting for the quesuon you choose is 15 percent.

7. Answer the following questions about thermodynamics.

. Enthalpy of Combustion,
Substance Combustion Reaction AH® . at298 K (kJmol 1
H®) Hys) + 30(8) = H,00 ~290
C(s) Cls) + O,(g) — COy(g) -390
OH | 3 k) -
CH,0HD | CHaot(gy T2 Oij;‘? CO2 5 200, 730

(a) In the empty box in the table above, write a balanced chemical equation for the complete combustion of
one mole of CH;OH(J). Assume products are in their standard states at 298 K. Coefficients do not need
’ to be whole numbers.

(b) On the basis of your answer to part (a) and the information in the table, determine the enthalpy change for
the reaction C(s) + Hy(g) + H,0()) — CH;0H().

(c) Write the balanced chemical equation that shows the reaction that is used to determine the enthalpy of
formation for one mole of CH;OH(J).

(d) Predict the sign of AS°® for the combustion of H,(g). Explain your reasoning.

(e) On the basis of bond energies, explain why the combustion of H,(g) is exothermic.

) Cﬁa(\H(Q) + _23' 02(33—‘7 (\ng{ + 24 O
A® = /\H(C Hoo) — ( AR(C) N DT Q\
AHe = & D\roduci's AH - Z ‘feac-\rost A a) ,
Hesgh Law * Akt - 240
H, + zDﬁ — M -290 k< L = %0
(A0 - - 290% . °°°
QQ’+JZH<Q——%CH on + 24, +73ok¥'%wbo '

b

~__

‘H» ‘k' C((\'\" L’\’ 0 ——; C/L" O\‘?x\ﬁ ’Coz_ot
=9 (—Hso pE)
) |
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8. Use principles of atomic structure, bonding, and intermolecular forces to answer the following questions. Your
responses must include specific information about all substances referred to in each part.

(a) Draw a complete Lewis electron-dot structure for the CS, molecule. Include all valence electrons in your
structure.

(b) The carbon-to-sulfur bond lengthin CS, is 160 picometers. Is the carbon-to-selenium bond length in CSe,
expected to be greater than, less than, or equal to this value? Justify your answer.

(c) The bond energy of the carbon-to-sulfur bond in CS, is 577 kJ mol ™. Is the bond energy of the carbon-to-
selenium bond in CSe, expected to be greater than, less than, or equal to this value? Justify your answer.

H H H O
| I

H H H
Propane Methanoic Acid

(d) The complete structural formulas of propane, C;Hg, and methanoic acid, HCOOH, are shown above. In the
table below, write the type(s) of intermolecular attractive force(s) that occur in each substance.

Propane 229K (VL lu \,J».«\_g C I/oﬁém cb&w ;\w;)

Methanoic acid 374K H‘?é( veee \OBPA”\]; Lbf‘ém’?AAS?!::\“w\

(e) Use principles of intermolecular attractive forces to explain why methanoic acid has a higher boiling point
than propane.

o) ‘o=C=>5.

' Se= a: 3&;

whieh S Sialers ke he Leto s Shrvchae Lor
B vooeuel, S ke Se afom 5 Shahbly
\Nazel  in (AB LS dre e S rromn , jFS \eanik \@.ﬁ“‘h
wiy!be 6\.‘3)’\{'5\3 lor«.;:g_; v

GO ON TO THE NEXT PAGE.
-28-

Copyright © 2005 by College Board. All rights reserved.
Visit apcentral.collegeboard.com (for AP professionals) and www.collegeboard.com/apstudents (for students and parents).



BBBBBBEBBBBBEBEBEB '

ADDITIONAL PAGE FOR ANSWERING QUESTION 8.
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8. Use principles of atomic structure, bonding, and intermolecular forces to answer the following questions. Your
responses must include specific information about all substances referred to in each part.

(a) Draw a complete Lewis electron-dot structure for the CS, molecule. Include all valence electrons in your
structure.

(b) The carbon-to-sulfur bond length in CS, is 160 picometers. Is the carbon-to-selenium bond length in CSe,
expected to be greater than, less than, or equal to this value? Justify your answer.

" (¢) The bond energy of the carbon-to-sulfur bond in CS, is 577 kJ mol~L. Is the bond energy of the carbon-to-
selenium bond in CSe, expected to be greater than, less than, or equal to this value? Justify your answer.

H H H 0]
|1 |
H H H
Propane Methanoic Acid

(d) The complete structural formulas of propane, C;Hg , and methanoic acid, HCOOH, are shown above. In the
table below, write the type(s) of intermolecular attractive force(s) that occur in each substance.

N e o
Propane 229K Z.wmn Q;%?érgfyr} !‘%Vé-é ( ‘!_DF)
Methanoic acid 374K H- 5onvf ine An u{ ) DF.
J

(e) Use principles of intermolecular attractive forces to explain why methanoic acid has a higher boiling point
than propane.

8) . ":S: C :S

L) : Cg-y Cgo -
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8 Use principles of atomic structure, bonding, and intermolecular forces to answer the following questions. Your
responses must include specific information about all substances referred to in each part.

(a) Draw a complete Lewis electron-dot structure for the CS, molecule. Include all valence electrons in your
structure. ' ’

(b) The carbon-to-sulfur bond lengthin CS, is 160 picometers. Is the carbon-to-selenium bond length in CSe2
expected to be greater than, less than, or equal to this value? Justify your answer.

(©) 'I'he bond energy of the carbon-to-sulfur bond in CS, is 577 kJ mol!. Is the bond energy of the carbon-to-
selenium bond in CSe, expected to be greater than, less than, or equal to this value? Justify your answer.

H H H ' 0
|| ] - I
H H H
Pr6pane Methanoic Acid

(d) The complete structural formulas of propane, C;Hy , and methanoic acid, HCOOH, are shown above. In the
table below, write the type(s) of intermolecular attractive force(s) that occur in each substance.

Propane 229K | lgndon dlspecsion

Methanoic acid 374 K

H-bo "‘a‘;nﬂ 2 Dipo]e— Dipole , + Londen D ispespren

(¢) Use principles of intermolecular attractive forces to explain why methanoic acid has a higher boiling point
than propane.
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'ADDITIONAL PAGE FOR ANSWERING QUESTION 8.
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