1996
American Chemical Society
High School Chemistry Scholarship Examination

Reminder: Choose the single best answer in each of the following.

1. Which one of the following is the largest distance?
a. 10 pL <« VOoluns
Cb.2km >
c.1x10* mm
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2. When the number 0.0640510 is rounded to three significant figures, it is reported as:

a. 0.06 Hen

b. 0.064 ) ) ”é"" i&% ,;5 ggs% ;7.“
0.0641 > L obd

d. 0.06405

3. Report the answer to the following mathematical operations using the correct number
of significant figures.
1532-82 | L z*z, M Al

7.84 ,i (p_‘!
AR

P
“”f
TM‘

g

£
]

4. The yel]ow hght emitted by a sodium vapor lamp has a wavelength equal to 589 nm.
is the frequency of this radlatlon?

c. 0.0509 5" . C=>y

d.1.96x10"s
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5. Which of the following are chemical changes?

(I) baking bread (IV) dissolving sugar in water
(TI) melting solder (V) lighting a match
(IIT) breaking of glass
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7. How many protons, neutrons, and electrons are contained in the nuclide ;iCr“ ?

a. 24 protons, 29 neutrons, 27 electrons ST W= 1)
b. 24 protons, 26 neutrons, 21 electrons L fg A oML
c. 24 protons, 29 neutrons, 21 electrons ~ T4 n
d 29 protons, 24 neutrons, 26 electrons TV e ™
gmfg_ng"wmg formulas correctly matches its name? ‘

b KSO, potassium sulfate
c. Na,S disodium hyposulfite
d. CuSO, copper(]) sulfate

9. An element X combines with sulfur to form a compound having the formula X;S;. X

could be: \? 4
a. Ba < P
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10. The normal boiling point of liquid nitrogen is 77.35 K. What is the boiling point of

nitrogen in °F? “C sV -1 -
a. -76.78 °F . k- ff’*l‘ﬁ
bTaE - 1900 +

4 3844 °F
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11. What is the formula of iron (II) hydrogen phosphate?
304)2 1 -2

Qo pTT 0y Pt

C. re(in U ) . N 7
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d. Fe,HPO, H oy 5 RPN
12. What is the correct formula for the compound magnesium nitrate?

S +L -
b. MgNO, Moy M
c. Mg(NOz)s
d. Mn(NOs),

13. What is the correct empirical formula of the compound CsH;604?
a. C4Hs0,

b. CgHi604 ¢ H.O
C. CzHAOz Co
@GHO)

14. If 0.50 mole CgH ;604 is completely decomposed into its constituent elements, how
many moles of hydrogen gas (Hz) would be produced?
a. 16.0 moles

b. 8.0 moles 50 s 148, | & !
ceaomoess 2O meCobh 8 f% me Ha
d. 0.5 moles [k Qb 0y

15. If 0.50 mole CgH;604 is completely decomposed into its constituent elements, how
many grams of carbon would be produced?
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16. What is the formula mass of magnesium phosphite, Mg3;(POs),? ,
a. 71.7 ‘ o s Howe,
b.1823 A U1 - TLA3
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17. When 33. Omgofanunknowncompomld\;gs su %ttedforelementalanalysxs,lt
contained 21.60 mg carbon (C), 3.00 mg hydrogen (H), and 8.40 mg nitrogen (N). What
is the mca] formula of this unknown compound?
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18. When the equation below is properly balanced, what is the coefficient of barium .
chloride (BaCly)?

2, AlCh(aq) + Ba3(PO4)2(aq) —> ZA]PO«S) 'lgBaC]z(aq)
a.2

@
C.

d. 6

19. When 22.34 g iron (Fe, atomic mass = 55.85) is consumed in the following reaction,
how many grams of hydrogen gas will be produced?
6 HNO:;(aq) +2 Fe(s) —> 3 Hz(g)'i' 2 Fe(NOs);3
a. 0.600 g
b.0.798 g
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20. When 14.0 g cyclohexane reacts with 14.0 g chlorine

. CsHize + Ch —> CeHyCl(s) + HCI(g)
:é% }% l st Q %’%n,

d'3é

s -G Substance M:ﬁcg\gltar 14, 0 4 E {Wu Gl {M o,
- CoH 84.0 Y [t
4.0, | Imelli » CL 70.9 = oo GH,
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Wha;g__ﬂ;;,,g@mnum number of grams of chlorocyclohexan that could be produced? % Uy .
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21. How many grams of calcium bromide (CaBr;, MW = 200.) must be used to prepare

500. mL of 0.400 M CaBr; solution? Lec. s Cufb.
a.200g A Lo PA % ;
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22. What is the concentration of the final solution when 500. mL of 0.400 M CaBr,
so]uhonxs dih ,l,-g 1.60 L"

c.1.28M M., =MV
d.25.0M v Y,
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. 23. What 1s the concéntration of the solution obtained when 200. mL of a 0.600 M
’ solution of sulfuric acid (H,SO4, MW = 98.1) is added to 400. mL of a 1.2 M solution of

sulfuric acid to make a total volume of 600. mL? "%&3\. s -
2. 0.200 M e f‘%‘%&i @;‘g
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24. What is the concentration of a solution of hy ocﬁlonc cid if 37.50 mL ofa 0.200 M

solution of sodium hydroxide is necessary to neutralize a 50.00 mL aliquot?

NaOH + Hl— Nac) Substance M;g;ﬁaf STl &
+ ®,0 HCI 36.5
NaOH | 40.0
8 0267TM  H150 L Mt | po | vt nbeid .i’ mA- 11|
f, e [ Lnitdlefl | - 00K

- 0.150 M 2 H: ST el | fwwl sl H
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25. ch of the following aqueous solutions would have the lowest freezing
. pol\]::;hk\\mm
a. KBr -
b. Na;»SO.; )
d MgSO4

b greemsh-yellow hqmd
c. greenish-yellow gas
d. violet gas




29. Given the following two reactions:

C(gmphne) + Oz(g) —— COZ(g) AH=-393.5 kJ o
2 Feg + 32 VO?(S),,% Fe;0s AH=-8242 kJ
Calculate the enthalpy change for 'k

2 Fe;059+ 3 Cgmprie—> 4 Feg+3 COs)

a. AH=+467.9kJ
b. AH= -467.9KkJ
c. AH=+430.7kJ
d. AH=-430.7KJ

30. The symbol for cesium is
a. Ce
b. Cm

d. Se

31. What do phosphorus, sulfur and oxygen have in common?
a. outer shell electron configuration .
b. pyrophoric behavior
c. semimetallic behavior
@encc of allotropic forms

S

32. What is the name of the product of the following reaction:
2 K(S) + 02(g) B KzOz(s)
a. potassium dioxide
<b. potassium peroxide
c. potassium ofé’de//
d. potassium superoxide

33. What is the temperature change when 4.00 g Fe absorbs 55.5 J?

S— [specific heat of Fe = 0.4998 J/g-°C]
b. 55.5°C

c. 111.0°C % = MCAT
d. insufficient information ) ,
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34. The combustion of methane is given by the following reaction:

CHyg) + 2 Oy = €Oy + 2 HoOag) AH =-890.4 kJ
How much heat is evolved in the combustion of 2.00 g methane?
a. 55.7kJ
KD 2,000 W) et OH Y904 r
d. 1780 kJ 1 16,05 ) Uiy 5 | el q;\% - 16,1837
s j1 e
35. Which one of the following electron configurations represents Cr**? E E £ %@{i [
a. [Ar)4s?3d* . 5
blaMaE (o= A\ 9 2d
Ce. [Ar)3d* D -
d. [ARE c s (A 247

36. Whichof the following most likely represents a negative entropy change?
a. HzO(,q) —_> HzO(g)
b. MgCOs(s)""'"> MgO(s) + CDz(g)
C. Zn(s) +2 HC](aq)"“"‘> ZnC]z(aq) + Hz(g)
d. NaCl(,q) + AgN03(,q) —— N3N03(aq) + AgCl(s)

38. Which of the following elements has the lowest first ionization energy?
(a. antimony )

b. arsenic
c. nitrogen
d. phosphorus

39. Which of the following isoelectronic species is the largest?

Kr Rb" Se?* sr*

a. Kr =

b. Rb’ I
~c. Se i
s

40. The chemical properties of an element correlate best with
a. its state of matter.
b. ionic radii.
c. atomic weight. _
Cd. electron configuration. ;j
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41. Arrange the following radiation in order of increasing energy.
microwave ultraviolet green light orange light

@&Qe < orange light < green hgwlvmt < ultravmlet )
b. ultraviolet < microwave < greenli < orange light
c. orange light < green light < microwave < ultraviolet
d. ultraviolet < green light < orange light < microwave

42. Which of the following bonds is the most polar?
a. H-H
b. H-C
GCE>
d. C-Cl

43. Which of the following compounds is most ionic?
a. Nzo N 2
a. ChO, Usep el

a. on :
44. Which of the following terms best describes CaO?
a. an acidic oxide
<b. a basic oxide )

c. an amphoteric oxide
d. a neutral oxide

45. Which element below has the most metallic character?

46. Which elements combine with the alkali metals to form ionic compounds‘?
a. alkaline earth metals

b. d-transition series elements

(L;-;b;g
d. halogensﬂ)

M

47. What is the fo:mal charge on the indicated nitrogen in the neutral molecule below?
a0 T
b. -1
c. +1

d. +2




dituclh ,
1 4+l =1
. 48. What do the following species have in common?/

CS, CO, CH)O

a. All are gases are room temperature.
b ATl contain pi (p) bonding.

c. All are isoelectronic with each other.

d. All have no dipole moment.
49. How many lone pairs are found in the entire molecule PBrs? ¥
b 5435
e 150 =9/,
50. A molecule has the following properties: ) )
The molecule contains two different halogens.
The molecule has no dipole moment.
The molecule does not form hydrogen bonds. __ ,
e
What molecule could it be? ﬁ%ﬁ
< (é,
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51. Predict the order for i increasing O-O bond energy of the species { Lo

\ 02 02+ 022.

52. Pi bonding can be found in which of the following? Ule
a. carbon monoxide — =y VS

b.acetone A (& s papsy KGR THIS Aot

/mm - dioxide —— ’ S
d All f the above molecules contam bondm , 5
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H-C=e-H

53. Lmear geometry Lest describes which of the following molecules? o
b. ozone (O3) AQ\, »
c. hydrogen peroxide J O*‘f ~ Qf
d. All of the above molecules are linear. -~ :

54. How many sigma and pi bonds does formaldehyde (CH,O) have?

&351gmabondsandnop1bond H
@iﬂgnm bonds and 1 pi bond §
c. 2 sigma bonds and 1 pi bond H-C =

d. 2 sigma bonds and 2 pi bonds

55. A molecule can be described by the followmg major characteristics:
The molecule contains at least one sp hybrid orbital.
The molecule contains at least one sp hybrid orbital.
The molecule contains no triple bonds.

Which molecule could it be? Ve wpm H
,3% (acetylene) H—-C= -\ H “ — %
(b CoHl Gallen) 7~ - - P N S
oo, (benzen) NS N N
. C¢HsOH (phenol) (;, =
58.1f 148 g SnO, (MW = 150.69) are reacted with excess carbon at 0°C and 1.0 k&m,
what volume of carbon dioxide is evolved? V
Sn02(s)+ C(s) _> COz(g) -+ Sn(s) @ %f %mé‘&’ 6%
a. 1.0L Gy 90 -1
b.11L . .
A z 5 mv Q |
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. The following information applies to questions 60 and 61.

An experiment is performed in which 1.0 J of heat is added t010. g ethanol (C,HsOH).

The same amount of heat is added to 10. g benzene (CsHs) and the following temperature
changes are observed:

Substance AT
ethanol +0.041 K
benzene +0.057 K [
60. Which compound has the larger specific heat? o =m AT
 a ethanol} g

b. benzene

Co

i % =03

c. They have the same specific heat. MmAT AT AVH )
d. It cannot be determined from the information given. ’ ‘
YT =4
61. Which has the 1a.rger molar heat capacxty‘7 A - InT

ve the same molar heat capacity.

c. They '
d. It cannot be determined from the information given. ..

. 63. If 1.0 L each of oxygen and hydrogen are reacted at constant temperature and
pre /Je)m much water vapor will be produced?

Cal0L 2 _— o
\\%.‘270’1? 2H,+ 0,—=>72H,0

c.05L § |
d.40L
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< a. capillary action. > ’

b. dispersion forces.
c. surface tension.

d. viscosity.

70. An aqueous solution of calcium chloride is 15.0% by mass CaCl,. If the solution has
a density of 1.12 g/mL, what is the molarity of the solution?

a. 1.28 M P ,
b. 1.35 M 15,07, = 15984 Caty,
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72. An endothermic process always
a. corresponds to a negative enthalpy change. -
b. involves an absorption of heat by the system.
c. corresponds to a tempera increase.
d. involves a release of heat by the system.

The following reaction applies to questions 91 and 92. N
4 \55[\’2@:%

14H + Cr207 +3 Nl —-——> 3N12+ + 2Cr3+ + 7H,0

FURUBIOPISS—
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91. Identify the ox:dlzmg agent in the reacnon above * }

93. What is the oxidation number of manganese in KMnO,?
a. +3 :

‘ J‘L*: %ﬁ %&%@% ik %Jé/é
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94. What is the stoichiometric coefficient for ZnS(s) in the following equation when it is
correctly balanced? Assume acidic conditions.

S
e,

Zﬂs(s)"'NQs(.q)-—% Zn o0+ S+ NOg

acop
HW -

95.We oxidation number of gold in K3[Au(CN)4}?

‘La +l i \
c.+3 ) "
d. +4 N o=~ ¥? *t
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