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AP CHEMISTRY 2025 = FREE-RESPONSE QUESTIONS

CHEMISTRY
SECTION I
TIME - 1 HOUR AND 45 MINUTES

Directions:
Section IT has 7 questions and lasts 1 hour and 45 minutes.

You may use the available paper for scratch work and planning, but you must write your answers
in the free-response booklet. Label parts (e.g., A, B, C) and sub-parts (e.g., i, ii, iii) as needed. Use a
pencil or a pen with black or dark blue ink to write your responses.

For each question, show your work for each part in the space provided for that part in the free-
response booklet. Examples and equations may be included in your responses where appropriate.
For calculations, clearly show the method used and the steps involved in arriving at your answers.
You must show your work to receive credit for your answer. Pay attention to significant figures.

A calculator is allowed in this section. You may use a handheld four-function, scientific, or graphing
calculator, or the calculator available in this application. Reference information, including a
periodic table and lists of equations and constants, is available in this application and can be
accessed throughout the exam.

You may pace yourself as you answer the questions in this section, or you may use these optional
timing recommendations:

Questions 1-3 are long free-response questions. It is suggested that you spend about 23 minutes on
each of those questions. Questions 4-7 are short free-response questions. It is suggested that you
spend about 9 minutes on each of those questions.

You can go back and forth between questions in this section until time expires. The clock will turn
red when 5 minutes remain—the proctor will not give you any time updates or warnings.

Note: This exam was originally administered digitally. It is presented here in a format optimized for
teacher and student use in the classroom.

During the AP Exam administration, students have access to reference information. To see the
reference information for this course, please visit AP Central:
https://apcentral.collegeboard.org/courses/ap-chemistry/exam

© 2025 College Board.
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1. Answer the following questions about magnesium.

A. An incomplete mass spectrum for Eg/nmis shown in the diagram.

100
80
60
Relative
Abundance
40
20

24 25 26 [00,7? ) g
Mass (amu) 7 < lo:

The percent abundance of magnesium-24 is @ The percent abundances of the othe
natural isotopes of magnesium, magnesium-25 and magnesium-26, are approximately equal.

\{Complete the mass spectrum in part A by drawing thick lines in the appropriate locations
to represent the percent abundance of magnesium-25.and magnesium-26.

ii. Describe the dlffgrence in atomic structure tha l@ or the difference in mass
between magnesium-25 and magnesium-26.

’Ubl"\j heg  one_ more yteadYon ?w‘@{"’* nwckauns
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-3 . N —4
A stuplent prepares a 1:85 x10 < M solution of Mg(NO3),(ag) in beaker 1 and a 2.80x10_~ M
solution of NaOH (aq) in beaker 2, as shown. —

) @
o
_ 2.80x 1074 M
@Q 1.85x 103 M NaOH(ag)
Mg(NO3),(aq)
@ \ J \§ J
)

Beaker 1 Beaker 2
35.00 mL 50.00 mL

ion, Na™, in beaker 2 has 3 or attraction to water than the Mg2Jr does. Explain this
phenomenon using Coulomb’sTaw and‘eaclYof the following.

i. The relative We/iqns

ii. The relative radii of the ions
——/\/\N .
vé. Calculate the pH of the solution in beaker 2.
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\{The particle diagram shosents a magnesium ion, Mg?", in beaker 1. A sodium

owS.Qd\ Ca

> (o ng
(. 2

© 2025 College Board.
Visit College Board on the web: collegeboard.org 4



Tlomkinod): ey, @ 2e0ediug 10 L | tha disssurton
AP CHEMISTRY 2025 = FREE- RESPONSEQQU ufc‘)l\?“w 9& 3L0)1) #Vt'&§ ‘t’b m r\ﬁ%
J'Q Q%“S\wj M‘S(Q”I)»C)> 4o 0‘4590(\).3

D. A student combin 0 mL of 1.85x10% M Mg (N03)2(aq) w1t((-). mL of

2.80x10 % M NaOH (ag), as shown in the diagram. Calculate [Mg2+ after the two solutions are
combined but before any reaction takes place. (Assume that volumes are additive.)

35.00 mL 50.00 mL
1.85% 103 M 2.80x 1074 M
Mg(NO3),(aq) NaOH(aq)

Beaker 1 Beaker 2

Beaker 3

E. The dissolution of magnesium hydroxide is represented by the following equation.
Mg (OH)5(s) = Mg** (ag) + 2 OH ™ (agq) =5.61x10"*2
VWrite the e_e)’(st/s'{)n for the solubility product constant, K,.

\y{ After the two solutions are combined i 1n beaker 3 as described in part D, but before any
reaction takes place, [OH = 1,65x10 " M. Using your answer to part D, calculate the
N/value of the reaction quotient, Q.

. Using the reaction quotient, Q‘@ whether a precipitate should form as the mixture
in beaker 3 approaches equilibrium. Justify your answer.
In a separate experiment, the student adds HNO3(ag) to decrease th@)f a@
solution containing WQ Does the amount of undissolved Mg(OH),(s)
increase, decrease, or remain the same as the HNOg(aq) is added? Justify your answer.
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2. Answer the following questions about zﬁ:gr\bi}@}d—(vitamin 0. K \\ us PICS A [ oM ~du (Ob\ -

A. A student combusts a sample of ascorbic acid, C,H,O,, to determine its chemical
composition. The only products of the reaction are 0.2400 mol of\QOQ and 2.883 g of HZO‘

\j./Calculate the number of moles of HyO produced.

ii/ The mole ratio of carbon (C) to oxygen (O) is 1:1 in ascorbic acid. Based on this
information and your answer to part A (i), determine the empirical formula of ascorbic
acid.

B. Ascorbic acid, HAsc(aq), acts as a weak acid, as shown in the equation.
P )

HAsc(aq) + HyO () = H3;0™ (ag) + Asc™ (aq)

The following titration curve was produced when a @ sample of HAsc(aq) was titrated
using 0.0550 M NaOH (aq).
D P )

14

12

10 =

0.0 20 40 6.0 80 100 120 140 16.0 18.0 20.0
Volume of 0.0550 M NaOH Added (mL)

\i./Calculate the molar concentration of the ascorbic acid solution.
V From the titration curve, determine the approximate@ of ascorbic acid.

iii,/What is the value of the ratio [[ASCS_C]] when the pH of the solution is ¢.7?
F\ BN 2.87 )3 l
- l ) - 60 b} (Y .
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C. Dehydroascorbic acid (DHAsc) can be produced by reacting ascorbic acid with the triiodide
ion, I3 , as represented by the following equation.

HAsc+1; — DHAsc+31 +2H"
The student ru@ials of the reaction with different initial concentrations of HAsc and
the

I3 , producing owing data.
. - Initial Rate of
Trial | [HAsel (M) | [1s ](M) DHAsc Formation (M/s)
—4
1 0.450 1.200A. |, 2457x10 L,
7 NL L J -
2 0.450 0.600 1.229x10

3 0.900 ¥ 42 1.200 X‘7> 4.914x10™*

\}/ The rate law for the reaction is rate = k[HAsc|[I; |. Explain how the data in the table
support the conclusion that the reaction is first order with respect to @b

ii/Calculate the value of the rate constant@or the reaction. Include units with your
—\ 9

danswer.

D/ The triiodide ion is significantly more soluble in water thap-elemental iodine, I, is.
Identify an inter ular force between I and water that \@. resent between I, and
water, which could explain the differenceTh solubility. Lewis diagrams for I, and I; are

D i
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3. White phosphorus is conlposed of Py molecules with atetrakedral structure, as shown in the
diagram on the left. Each P atom is bonded to the other three P atoms by single bonds, as shown
in the W Lewis diagram on the right.

\A./In the box in part A, complete the Lewis diagram for P, by drawing the nonbonding
electrons.

B. The reaction of white phosphorus with oxygen to form P,0;(s) is thermodynamically
favorable at 298 K. The reaction is represented by equation 1.

Equation 1: Ps(s) + 5 OQ(g) P, O (s)

\f The entropy change of the reactlon , is negatjve. Using particle-level reasoning,
explain why the entropy decreases as the reaction progresses

\i( The enthalpy change of the reaction, AH", is also A student claims that the
favorability of the reaction is driven by enthalpy and ot by entropy. Is the student’s
claim correct? Justify your answer by using the relationship between AG®, AH’, and AS".

G: 1) Ths reackion caneds {mol o said aud § moley =f
3&% wte vl (SS 5\:(4(} G\-"'? wolasmley meves 1ar ond\

‘¢ @ rowr
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(mrh‘cjdb} m&% o057 HyMs
o s, eh L
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P, 04 (s) reacts exothermically with water to form phosphoric acid, as represented by
equation 2.

Equation 2: P4010(S) +6 HQO(Z) -4 H3PO4(CIQ)

A chemist uses a calorimetry experiment to determine the enthalpy change for the reaction, as
represented by the following diagram.

Thermometer

Insulating Cover
Stirrer

Inner Vessel

T~

Outer Vessel

- J

C. The chemist carries out the calorimetry experiment and records the following information.

Mass of P,Oy 0100g VvV

Mass of H,O 1000g v

Initial temperature 22.00°C
Final temperature 2@C v
Molar mass of P,O;y, | 283.9 g/mol

Specific heat of HoO | 4.18 J/(g-°C)

\i/ Calculate the amount of heat, g, released during the experiment, in kJ. Assume that the
specific heat of the solution is the same as that of water.

{j/ Calculate the value of AH,,, for equation 2 in kJ/mol,,,. Include the sign in your answer.

\[) Q‘l C.W\OT: \(’"3‘1(‘W'O‘('V\W)‘l(’b’l's%-'woﬂ): LS J c“-l'a L'S
\[\) Y\(_{) (Po‘n < o\\6° \/‘ 1,87,.3-3 ‘{,ﬁ\[\;‘l’ Wv“\b ’
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o \Y .
D /The chemi%ighe . 10 and 100.0 g of Hy,O to perform Qecop) trial. Inthe € (S
second trial, seme of the solid P,O;Stuck/to the weighing paper and was not transferred toE ‘
the calorimeter. Giyen that P,O,, is th€ limiting reactant, would AT for the second trial be W.
greater than, In, or equal to the value in the first trial? Justify your answer.
3@ ‘ f elon 6T &
P, (s) also reacts readily with Cly(g) to produce phosphorus trichloride, PCl5(g), which in turn

reacts with Cly(g) in an equilibrium process to produce PCl;5(g). The reactions are represented
by equations 3 and 4.

Equation 3: P4(s) + 6 Cly(g) — 4 PCl3(g) AH{= — 1148 kJ/mol,,,
0 Equation 4: PCl3(g) + CL‘( )= PCl5(g) AH;=—88kJ/mol,.,
£: u;) < Q[AH ‘\’+- MoHy, YL = -u‘(?»‘fr + (-4 ) > -777{ FJ/wv/
E./Calculate thestandard enthalpy of formatign of PCl;(g) reptesented by equation 5. o

Equation 5: 5P (s)+3Cly(g) — PCls(g)  AH}=?7

The following particle-level diagram represents the contents of the vessel in an equilibrium
mixture at@nvolving equation 4.

& % €8
Oé)(%%& C%%O P C>8©:PC13
« & g% |

\F/Equation 4 for the reaction that occurs is shown.

Equation 4: PCl3(g) + Cly(g) = PCl5(g)  AHy = — 88 kJ/mol,,,

—

\1{ If egch particle in the diagram represents-a partial pressure of 1.00 atm, what is the value
off K, Yor the equilibrium mixture at @

i@/ Does the value of K, increase, decrease, or remain same when the temperature is
increased to 596 K? Justify your answer based off AH,,

F}) P(,(’Ck):\(; q,’l"VV\| PC[’C(}):L ) ecdy): L‘fh"’

L - 9% | &
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Wybrid vawﬁw‘) Phage Canig

4. A £c1entlst is 1nvest1gat1ng the propertles of a mixture of gHg OH and H5CO. The scientist
generates the following diagram to represent the mixture.

H\
) /H cC=0
0=C / )
. \ H
H
i
H—C—0°"
| \H
o H -
H/O_$_H ‘O
H I
AN
I H H
/7N
H H

\d. Identify the hybridization of the valence orbitals of the C atom in the Hy CO molecule.
In the diagram provided, draw a SINGLE dashed line (----) to represent a strong hydrogen-

bonding attraction betyseen one CH3OH mmolecule and OWD the mixture.
C. The scientist plans toéoolja gaseous mixture of CH3OH and HyCO to form a liquid mixture
and finds data on thetwo compounds. The data are summarized in the table.

Melting Point Boiling Point Enthalpy of Vaporization
Substance (K) (K) (kJ/mol)
CH3;0H 176 /37.6
H,CO 181 254 ) ‘24-,2
\}'./ Propose{a)temperature to which the mixture should be@ such that CH3 OH and
H,CO will beliquids.

I. The scientist analyzes the mixture after it is cooled and determmes tha'g of

CH OH (/) is present. Calculate the amount of thermal ener that'Was removed to
. e 859 g of CH30H (molar mass 32.04 g/mol) at 1ts b01 1ng point. "N

i LS)

©2025 Colle eBo) \/ 8 ST 7'1 O\f\L’n b

Visit College Board on the web: collegeboard.org 11

lo(l"’j
e



AP CHEMISTRY 2025 = FREE-RESPONSE QUESTIONS
Vsrt=, InFy and g fV(’, (ded Qoy (aw
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5. Complete Lewis diagrams and some physical properties for compounds X and Y are given.

72 0= (V. wlotind et wels

?: Compaurd . Lo tOX) ~ ———
i (ﬂl’. l
H H
| |
I% :0: 51 H :0: H
:‘) \ /
Lewis diagram H\/C C C\/ H H\/C C\/H
H _C H H C H
H” | DH H | DH
H H
Molar mass 74.1 g/mol 90.2 g/mol
Boiling point @ 98°C

v/ ~~

A. Based on VSEPR theory, predict the geometri around th@atom in compoun‘clz..

. A student claims that compound Y has afhigher boiling point than that of compound X
ecauseyompound Y has stronger Lond 1spersion forces. Do you agree or disagree?
Cr——— N N

ify-four answer.
\d. An equimolar mixture of the two compounds is heated. When the mixture reache@

which compound will havi e higher vapor pressure? Justify your answer.

. The mixture is heated t¢/198°( in a sealed, rigid 12.5 L, container, at which point both
substances are gases antltite total pressure in the container is 2.30 atm. Calculate the number
of moles of gas particles in the container. N _

Y n \/ hoy a l},(lomd’rﬁ a% {M/\T\’

o ‘{0,9, W’b\m " Wlw\)\

hve & —gH W\WY W\II)" AW arvab L (e /
S0 AN Wdur bf o) T i mw"\‘] (rased V) 7
\/M’ n$ \'avy( M\’\M mMnso MOLQDV\/Q"o (}Q'U‘"'Lv
RYL MW (o\m»'%\p\g/ woh e ‘Wgﬂ‘( (\/Pps,
Coy . Mgve, fusak s bodin] guithy, s Vaper presio
s : / \ L wwndh b thon
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Tomdeuent (_:;Aum&c, A

electrode increases in mass and the Al(s) electrode dgcreasgs in mass. A data table with the

6. A scientist constructs a galvanic cell as shown in th:@ As the cell operates, the Zn(s)
standard reduction potentials for the substances fol e diagram.

’qu\k e =1 Inl9)

0.90V

Zn(s) Al(s)

Salt Bridge
wlo«&/@/

al (fER

1.0 M Zn(NO3),(aq) 1.0 M AI(NO3)5(aq)
. J J
Half-Reaction E° (V)
Zn2+(aq) +2e — Zn(s) —0.76
AP (ag)+3 e — Al(s) —1.66

—

\MWrite the half-reaction for the<xidatiow/that occurs at the anode.
B./ Write the balanced net ionic € on for the overall reacifon that occurs in the galvanic cell.
\C/ Initially, each electrode has a mass of The cell is allowed to run for a period_of time

and is then stopped. Which electrode’Ssadss changed the most? Justify your answer with a
calculation. —_—N

'[\', An oo - NS ,11/6 = [y\”ﬂa )
®: 1ALH n?q;xj( N — ”)%\(«ﬂ t }m)’*t
.A/-\/\/\/W

C+ pnlin) > My ps g - RINE)
om () - ,ﬁ‘;:;;)«iyb/{h 5 Nle)
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Reduction Half-Reaction E° (V)
Au3+(aq) +3¢ — Auls) +1.50 \/
Zn* (ag) +2 e — Zn(s) —0.76 \/
Mn?" (ag) +2 ¢ — Mn(s) —1.19

AP (ag) +3 e — Al(s) —1.66

Be?"(ag) +2 ¢ — Bels) —1.85

. The standard Zn/Al cell has a value of £, equal t@
that produces a greater voltagewThe scientist has acteasto the chemical systems inthe table.
If the scientist mnd one of the @ options from the table, @
We that could be erated at standard conditions?

Ve v 180 - (o) = 2V
37/,\(,9) ,\/Z})n'\%(/“@ —71 i (Y) —ﬁlﬂu c""‘ﬁ)
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Visit College Board on the web: collegeboard.org 14

. The scientist needs a galvanic cell



AP CHEMISTRY 2025 = FREE-RESPONSE QUESTIONS

Pb (ﬂi(/"\lﬂi’\ﬂ“ (amlyqt . —

7. Answer the following questions about lthe glycolate ion, g 9H303 ,Wwhich acts as a base in
aqueous solution. A Lewis diagram for the ion is provid

III :0:
|

On the Lewis diagram in part A, circle the atom that accepts the proton when the glycolate
ion reacts with water.

When the glycolate ion reacts with water, it forms glycolic acid, HC,H303, according to the
following equation. The K} expression for the reaction is provided.

[HC,H;0,]|OH |
[CoH305 ]

CyH303 (ag) + HyO()) = HCoH303(ag) + OH (ag) K=

\];/At 25°C, a 2.5 M solution of glycolate is found to have [OH_] =13x10° M.
—— N
\/ Calculate the value of K, for the glycolate ion.

\}/ Using your answer to part B (i), calculate the value oor glycolic acid at 25°C.
v—-—'\/\

Glycolic acid can be produced from the hydrolysis of methyl glycolate, C3HgO3. A proposed
mechanism for the reaction is given. ~——— — _—

Step 1: C3HgO3+ H;0" = C,H;05 + CH30H
Step 2: CyH505" + HyO = HCyH305+ H;0™
Overall: C3H6 03 + HQO = HC2H303 + CHgoH

\(/A student claims that H;0™ is a catalyst for the reaction. Do you agree or disagree? Justify
your answer based on the mech‘zfrﬁ%?rven

B0 T w0 HCv”yaﬂ' ‘11{\"5’\'\(:0;,)1,703) 26 - Lz 1AM

% &z*_e.& e
—§TOP
‘m K‘,\, \¢" YENDOFEXAM

e = 15 T
K okl | sbey omA rom
C- Naras | of \§ Qj\WLWA i Gh (nHe ( '
Juro o Ve W sqw(s ny
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