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2013 AP® CHEMISTRY FREE-RESPONSE QUESTIONS < N - —l % o m
MgO(s) + 2H*(ag) — Mg®(ag) + H,0() G’) m‘s m(,mSlS‘k/\‘} ot ‘”‘Q

h . e Same volume HUL
A student was assigned the task of determining the enthalpy change for the reaction between solid MgO and ,'ee . S‘ nm S " M O
aqueous HC! represented by the net-ionic equation above. The student uses a polystyrene cup calorimeter and e N ﬁ
performs four trials. Data for each trial are shown in the table below. W o “u W (a‘c’h +‘M

rato of Is the Umihny veacked, 11

I |
Volume of Mass of [nitial Temperature | Final Temperature | T( ) »
Trial | 10MHCI | MgO(s) Added of Soluti of Solutio DT / ass MgO + I'M-Q
i vl Il BT/ m AT value shoutd b¢ prope
I 1000 025 255 26.5 \.o 4.0 é\ 4o Hha Mass e+ O odded.
2 100.0 0.50 25.0 29.1 .
3 100.0 0.25 26.0 28.1 2.1 gy \ about
4 1000 | 050 241 28.1 4.0 €.0 is quite Affereat ham /
' L] *& e
(a) Which is the limiting reactant in all four trials, HCl or MgO? Justify your answer. RG&M b‘lj M ﬂ\e. m-h D5 'FV
(b) The dgta in one of the trials is'inconsistent with the data in Lh; other three trials. Identify t'he trial with b‘i’k—‘.( 3 »j"n‘a_,ps s
Inconsistent data and draw a line through the data from that trial in the table above. Explain how you

identified the inconsistent data.

= 2
1
: 1 bably leavethisad
For parts (c) and (d), use the data from one of the other three trials (i.e., not from the trial you identified in part (c) u's‘ ,\g Tnd'Q 2 ( C“‘d Pm H {a

(b) above). Assume the calorimeter has & negligible heat capacity and that the specific heat of the contents of the

calorimeter is 4.18 J/(g- C%). Assume that the deasity of the HCl(ag) is 1.0 g/mL. 1 =mCAT= [lo O-Oj* 0805)(1-[ 18 g:"c )("l A °C) = |?22367

(¢) Calculate the magnitude of g, the thermal energy change, when the MgO was added to the 1.0 M HCl(ag).

Include units with your answer. ' 1 - l?,oo Ti
(d) Determine the student’s experimental value of AH° for the reaction between MgO and HCI in units of — l_k;_-
Kl 1725697 ) ( 1000T
- @) M= qog ="
(e) Enthalpies of formation for substances involved in the reaction are shown in the table below. Using the g o
information in the table, determine the accepted value of AH® for the reaction between MgO(s) and Mo\h Mq O M 9 m—

HCl(ag). — — —;i_O.'b'DLILI- I Imsle
MgO(s) -602 AR: {4 —l.?ZZBb‘? Kl _'_Ir__lqo 'kr/MDI J

H,0() -286

) 0 0.012406 moles ! =
(f) The accepted value and the experimental value do not agree. If the calorimeter leaked heat energy to the

| Mg**(ag) -467 () -
() Do (-H63 ¥7) +(-286 47) - (602 17) -2/0)
environment, would it help account for the discrepancy between the values? Explain. |
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Problem B2. “Ring Strain.” %L\'em B 2’

Cyclopropane and cyclobutane have ring strain; the molecules have higher bond pair-bond pair repulsion than normal because
the C-C-C bond angles are less than the normal tetrahedral bond angle. The chart on page 316 of your book shows that the
typical/average C-C bond enthalpy is 348 kJ/mole. However, the bond energy will be significantly different in cyclopropane and
cyclobutane due to ring strain. In this problem, you will estimate the C-C bond energy in cyclopropane and compare it to the

more typical C-C value of 348 kJ! ' )
a. What is the normal C-C-C bond angle in non cyclic alkanes':"[ I 0 q '5 s ("’e "'rMeAG'Q bM 4’

b. Draw the complete Lewis dot structure of cyclopropane and cyclobutane. Y
/

I.(\C-"'H \9 ——F{C——'C—H
# — T

H—C——cC-H H=C—C—y
S
4 H ] o H
¢. What is the C-('-C bond angle in cyclopropane? 6 O in cyclobutane? 90 "

d. Write chemical equation for the complete combustion of cyclopropane. Balance with the smallest possible whole number
coefficientse«—

{2 CaH, +a0, — (,COx ~ bLH20

e. Cyclopropane has an enthalpy of combustion of -2089 kJ/mole.
Based on this, determine the AH value for the reaction you wrote in (d). (Hint, it isn’t -2089!) Czo?ﬁ x2 =4 lq’8>

AHrxn = _|=— l_'."-g K% M Y Y138 k7
1: ( imole G,/ ~ mb )

f. Use WS 5.1/ page 316 (o look up the bond enthalpies for the molecules in the reaction in (d),
except do NOT use the C-C bond enthalpy of 348 kJ! Use the AHrxn, together with the bond enthalpies you looked up, to solve H
for the C-C bond enthalpy in cyclopropane. '
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g. Compare your result to the 348 kJ, does it make sense that your answer is more/less than 3487 explain.
259 kT ¢ P43 kT  TMs megns that e (—C  bonds in Cyclapopane ace
Neglke than +yp:‘c»0 (-C bodo ( thebondsin (3Hs take 1255 eneqy o brcake )
) Yoo - malkts Sease Since the bond pan -bpnd pamn veplsiniv (zH, 15 ughr thoe
\,Ml‘,o If you did this same problem for cyclobutane instead of cyclopropane, would you expect the C-C bond enthalpy to be closer n
9, orfurther away from the value of 348 kJ? explain. A,V-P,‘I'D H\@

O P
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