AP® CHEMISTRY

2006 SCORING GUIDELINES (Form B)

Question 7

7. Account for each of the following observations in terms of atomic theory and/or quantum theory.

(a) Atomic size decreases from Na to Cl in the periodic table.

number of protons in the nucleus. The added electrons only
partially shield the added protons, resulting in an increased

the electrons, drawing them closer to the nucleus, making the
atom smaller.

Across the periodic table from Na to Cl, the number of electrons
in the s- and p- orbitals of the valence shell increases, as does the

effective nuclear charge. This results in a greater attraction for

One point is earned for indicating
the increase in nuclear charge.

One point is earned for attributing
the size decrease to the greater
attraction of the nucleus for the

electrons caused by the increase in

nuclear charge.

(b) Boron commonly forms molecules of the type BXj;. These molecules have a trigonal planar structure.

Boron has three valence electrons, each of which can
form a single covalent bond with X. The three single
covalent bonds of the boron atom orient to minimize
electron-pair interaction, resulting in bond angles of

120° and a trigonal planar structure.

One point is earned for describing the
valence electrons and the bonds.

One point is earned for a
correct VSEPR argument.

(c) The first ionization energy of K is less than that of Na.

Both Na and K have an s' valence-shell electron
configuration (Na: [Ne] 3s! ; K: [Ar] 4s!). The K atom
valence electron has a higher n quantum number, placing it
farther from the nucleus than the Na atom valence electron.
The greater distance results in less attraction to the nucleus.
Because its valence electron is less attracted to its nucleus,
the K atom has the lower ionization energy.

One point is earned for the size
explanation.

One point is earned for describing
the attraction to the nucleus.

(d) Each element displays a unique gas-phase emission spectrum.

Each element has a unique set of quantized energy states for
its electrons (because of its unique nuclear charge and unique
electron configuration). As the electrons of an element absorb
quanta of energy, they change to higher energy states

(are excited) — during de-excitation, energy is released as EM
radiation as the electrons cascade to lower energy states.
Each photon of the EM radiation is associated with a specific
wavelength (A = hc/E), a flux of which produces the lines of
the emission spectrum.

One point is earned for describing
the quantized energy states and
emission phenomenon.

One point is earned for describing the
effect of the uniqueness of the nucleus
and/or electron configuration.
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Answer EITHER Question 7 below OR Question 8 printed on page 24. 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. Account for each of the following observations in terms of atomic theory and/or quantum theory.
(a) Atomic size decreases from Na to Cl in the periodic table.
(b) Boron commonly forms molecules of the type BX;. These molecules have a trigonal planar structure.
(c) The first ionization energy of K is less than that of Na.

(d) Each element displays a unique gas-phase emission spectrum.
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Answer EITHER Question 7 below OR Question 8 printed on page 24. 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. Account for each of the following observations in terms of atomic theory and/or quantum theory.
(a) Atomic size decreases from Na to Cl in the periodic table.
(b) Boron commonly forms molecules of the type BX;. These molecules ﬁave a trigonal planar structure.
(c) The first ionization energy of K is less than that of Na.

(d) Each element displays a unique gas-phase emission spectrum.
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Answer EITHER Question 7 below OR Question 8 printed on page 24. 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. Account for each of the following observations in terms of atomic theory and/or quantum theory.

(a) Atomic size decreases from Na to Cl in the periodic table.

(b) Boron commonly forms molecules of the type BX;. These molecules have a trigonal planar structure.

(c) The first ionization energy of K is less than that of Na.

(d) Each element displays a unique gas-phase emission spectrum.

@ _AS € MOVES OAONG 0 YOW In e 9eVIGANC XQU0ve (me
NOLTO L) YE OTOYWWC YOS QROYERRER. TR S
VEUSE non PYANE K pang 0008, and
PV ANEEEOE AR BRETONY € BETN] puldd A GSey
AN QU PEEOTE v et ay€ o\
VENG 000K T #0e e Ok, Andie will vt nq
NG QPHOTNG, I\NWAANYG

® X BN S an EXCEOTU D tNe QCkex

) Uity OWVWA Wit nor IO Ny \OYE

X—B—X OGS Ruen Wb v w08 NG none 2

SLY m\)f\c&\m SECTVONS. N\ AVE A0 (0
I ANE \f/h |8 SAN R\W\D\% & 0 Wl |

AGONGL  D\ONOY.

O e By I onEanin enevoy L e ENCYQ\)
YEGU\VQQ W™ (BYNE  ON BARETYIN Hmvm&
Quiey Ny QF G OIW, 08 GY\QGGQNN\(\
O CHUMYIN, s {DINE  aeCVRQMR Y (% wemer
)em\@f O \I@(V\[)\ne WK OxEV RO

A=

- m\

WNEN 1N QOS-PRREE, e0Ch  Eemenk  wiiy nGwg @
wlfevont  Vews, &W\V\ﬂ QNS Ono\eCy\Qw
WMASS - Vewng = [3RY
EYN

GO ON TO THE NEXT PAGE.
-22.
© 2006 The College Board. All rights reserved.
Visit apcentral.collegeboard.com (for AP professionals) and www.collegeboard.com/apstudents (for students and parents).



BBBBBBBBBBBBBIB /'S

ADDITIONAL PAGE FOR ANSWERING QUESTION 7.

’rmﬁﬂwe 06 A G0N WL ok &ARReY e;m* Cuv evevy
e\eywenk

GO ON TO THE NEXT PAGE.
-23-

© 2006 The College Board. All rights reserved.
Visit apcentral.collegeboard.com (for AP professionals) and www.collegeboard.com/apstudents (for students and parents).



AP® CHEMISTRY
2006 SCORING COMMENTARY (Form B)

Question 7

Sample: 7A
Score: 7

This response earned 7 out of 8 possible points: 2 points for part (a), 2 points for part (b), 2 points for part (c), and 1
out of 2 possible points for part (d). The second point was not earned in part (d) because the response does not
explain the relationship between energy levels and emission.

Sample: 7B
Score: 6

The points were not earned in part (d) because differences in emission spectra are attributed to differences in
mass and number of protons. There is no mention of electron energy states or transitions among them.

Sample: 7C
Score: 3

In part (b) 1 point was earned for noting that compounds of the type BX; do not have lone pairs of electrons,
resulting in a trigonal planar structure. However, the second point was not earned because there is no explanation
as to why boron forms compounds of the type BXj . In part (c) no points were earned because even though the
definition of ionization energy is correct, the response only states what the trend is and does not explain why the
trend exists. In part (d) no points were earned because differences in emission spectra are incorrectly attributed to
differences in root-mean-square speed.
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