In-Class Quantum Review 2018!

1a. Write the electron configuration for each of these. * don’t abbreviate for Mg or Mg ion.
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Gold (Au). Note: Gold doesn’t quite “follow the rules.”
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b. How many valence electrons are in each of these?

. chloride ion Mg atom Mo atom Gold atom Bismuth (Bi) atom
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2. Consider electron is 1s, 25,.?5, and 4s orbitals.F B" IS 1 3(00‘?

a. Which of these orbitals is the “highest energy” orbital and which is the “lowest energy” orbital? ﬂ So t has

Is = towest enogy. Us = pghost edegy. s valtnce )

b. Explain why the electrons in the “highest energy” orbital have more energy... why is this a higher energy orbital?
S e-arenegahVe gad the nuclewsis positive, the e- ove athocked fo
1he Nnucleus, gad So +he e~ will have lu‘yher PDf(ﬁf\LO Fflf’r]y whlnﬂwy
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¢. How does this relate to ionization energy, for example, M9 c NC] 35% Ca: CH-\(] g2

Which has higher ionization energy: magnesium or calcium. Why?

Mg has the N‘]M/ LE. Mj wWould lose ¢ 35 eleChm Whon
fonized, while Ca wonld lose a Y electon. AS explained 1o (b), B
elechons have lower [/\nyy than Hs ?Ifo"f?MS_, So Ivyns 35 elestms |l
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3. Photoelectric effect.
a. Explain the process of the photoelectric effect.

wWhen L{‘ju WiHh sutheieal €negy sWihes o the suface ofa sulid,
e~ oare ejrded fom the atons (near +hesurface ) oL +he Solid.
(The phote €y mustbe at or above the minimum phstn enegy
regadless o the indeasihy of the Light Source)
b. The photoelectric effect displays the Paf_ﬁdﬂike properties of light. (wave or particle?) (" asfx'a lad ned hj

Consider the work function values of 4.34 x 10°°J,7.73 x 10"°J, and 1.09 x 10"% ). Einsiin in 190S)
These below to the elements gold, iodine, and calcium {not in order though.)
¢. What is the meaning of the work function?

see the nex page T answes to 3c- .

d. Which periodic trend is the work function more similar to: electron affinity or ionization energy?

e. How do metals compare to nonmetals in terms of their work function?

f. Which work function (above) corresponds to iodine?

g. Calcium is higher on the metal activity series than gold.
Determine which work function belongs to Ca and which belongs to Au.

Suppose gold is hit with monochromatic light from a 10 Watt bulb with a wavelength of 211 nm.
h. Determine the maximum Kinetic energy of the ejected electrons.

i. What is the min/max (which is it?) wavelength that will be effective in causing the photoelectric effect in gold?



(3 & and 3b are onthe previdus prge)

3, cont’d. Consider the work function values of 4.34 x 10" J,7.73 x 10" J,and 1.09 x 10" J.
These below to the elements gold, iodine, and calcium (not in order though.)
¢. What is the meaning of the work function?

I+ 75 the m:‘nimmm Iphu-jm 5[}((942@7) (‘equu'feJ
fr Hhe fho-}-o elechic e fect1o occur.

d. Which periodic trend is the work function more similar to: electron affinity or ionization energy?
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e. How db Tetals compare to nonmetals in terms of their work tunction?
Jor smalbs,

metals have low~ 1E and bw WorK fxn va lues Compa'fol

f. Which work function (above) corresponds to iodine? . :
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g...Calcium is higher on the metal activity series than gold. i+ s howtd NW -ﬁ\'— ha 9

Determine which work function belongs to Ca and which belongs to Au. Ry K Pxn '
Metnls that Occ }\f"yhlf on The ac?‘wn'y
Seriey Tad 1> have [ower |E an) wa k fxo; ey -
/eSe e~ Moce “msl{z.” So| Ca = H34=107'T, Au=3733 =10 J|

Suppose gold is hit with monochromatic light from a 10 Watt bulb with a wavelength of 211 nm.
h. Determine the maximum kinetic energy of the ejected electrons.

E = h.v-; h [%) . (663x}0'3"‘7-5>(300HJDSWS) :7"/2’7'x/0"q3’/phg)?4 )
(21 <1079 m) %
KE= Epnotn — Ewopm = AU2Fx107T-273 07T M@

i. What is the min@which is it?) wavelength tha§ will be effective in causing the photoelectric effect in gold?
s = he . (4370279300 _ goixpTm o ‘257 nm

2 233 10717
j. How will the number of electrons ejected and the kinetic energy of the ejected electrons change
(relative to the 10 Watt bulb with 211 nanometers), in each case? Assume the distance to the bulb is constan

Number e- ejected KE of ejected e-
oy wm RS [ht) sl sguiig (e 5 AL,
10W  and 230nm Same less 4 So Shower e-)
I0W and 150 nm Same Mole
20W and 211nm More same
20W  and 280 nm hone notapyllable

20W  and 150 nm more mMore




( 35 isonthe previows page)

4a. Consider these values for bromine: -324 klJ/mole, 2.8, 1140 kJ/mole
Which value corresponds to the ionization energy? the electron affininity? the electronegativity?
Define each term as part of your answer.

Ionéz’kaﬁ:nezzg;:(larequ:'red +v remove 4an decton froma gaa phwmﬁm

IE, 1S a'lways positive, rfmothj an ¢ - from an a'hmwfm.
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M@VL&AQ or negahiet (€xv), rpending on the ate

. a#r;;‘__;- _'fo_';‘;ﬁ whan bonde . (nouars)

e ——

Electronegativity:

An elenet's '}f_fldé’n_(_ y

Toniz. 0négy= Y0 ¥T /mole
EA = -324 kT |mole

b. What “reaction” corresponds to the first ionization energy of bromine?
Write a balanced “reaction” that shows what is happening, including phase subscripts and the energy term.

Bregy + IO KT — Brigy, + |-

E\Cc'hol\ega‘\'\\fi'}y = 2.8 (ne uaris)

Y =

C ’)
¢. What “reaction” corresponds to the electron affinity of bromine?
Write a balanced “reaction” that shows what is happening, including phase subscripts and the energy term.

Bf(f)* /6" — Br—"{j) + 32-4 ICT

— e ——

5a. For each pair, circle the atom or ion with the larger radius!
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¢. For each pair, circle the atom or ion with the higher ionization energy:

@ or  As Ca or Fe?  or @ or Ca \t\d
N2
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¢. For each pair, circle the atom or ion with the higher ionization energy:

IB increasto withéach €~ you rémove,

@ or As Ca or Fe? or r Ca

Same (olumn same row
bt P1s ‘hc:‘qw wp bt Br 15 Aty right

6. a. Out of Silicon and Chlorine, which element would you expect to have a higher first ionization energy?
Justify your choice; explain why the element you chose should have a higher ionization energy.

b. Out of Magnesium and Strontium, which element would you expect to have a higher first ionization energy?
Justify your choice; explain why the element you chose should have a higher ionization energy.

c. Explain why arsenic(As) has a higher first ionization energy than selenium (Se).
d. Explain why Cadmium (Cd) has a higher first ionization energy than Indium (In).

|
See +he next poge -



(5¢ s onthe previous prge) \E

6. a. Out of Silicon and Chlorine, which element would you expect to have a higher first ionization energy?
Justify your choice; explain why the element you chose should have a higher ionization energy. l (dl"

b. Out of Magnesium and Strontium, which element would you expect to have a higher first ionization energy?
Justify your choice; explain why the clement you chose should _l]mv hi g'her ionization energy.

Sm(.t. Sy 12 & bW 1B, 1¥is mole me ¢t

c. Explain why arsenic(As) has a higher first ionization energy than selenium (Se).
d. Explain why Cah"um (Cd has a higher first ionization energy thanﬁ:\dium mo
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7. a. The process of breaking a covalent bond into two separate atoms is always Qﬂd O _thermic. [ akbsw'bed Y4 L7107 (tJ)
b. The process of forming a covalent bond from two separate atoms is always _€X0Q _thermic. [ enbqy iS5 re |-¢aqed )

. What type(s) of EM radiation is most commonly absorbed/released in (a) and (b)? U H”ﬂ Vi0 le t

o

. What type(s) of EM radiation is most commonly associated with vibration of bonds? ,V\ '&ﬂ/ CJ

d
_ polechad,
e. What type(s) of EM radiation is most commonly associated with rotation of molecules? M1 (o Wa Ve é_‘n(/?y S
2ep al
f. When a valence electron is removed from an atom (in ionization), what type of EM radiation does this require? " GN le
' SEph e,
lA/H'Wl\/IOlf‘I./ Y300
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g. Visible light is most commonly absorbed/released as (e = Fom o : '
Xx. “hydrogen bonds” form or “break” Q
y. an atom or molecule is ionized to form a cation ~ I !
@ electrons transition between nondegenerate d-orbitals. §l+‘°° ! NESREE
y . ‘ : NN NN
aka * electmnic crhons, opie EEEEREEEEASEE
(aka e han ) $ ot e
8. In HC, the H-CI bond length is 0.127 nm, and the bond energy is 431 k/mole,,00 111\ &
a. What does the bond energy of 431 kJ/mole mean? - e
+ H3) LT ace required o break Imole ¥ N e 7 -
. | ® -
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b. Sketch Ca?%raph showing potential energy vs internuclear distance for a H-CI bond. Inker ’ Dt
ral g _ n+rrnucléor « (mm
/) The miaimum 049913 af 0127 nm, -43) kg ’ )

c. When the H and Cl start out very far apart (at say, 10 nm), and then bond together at a distance of 0.127 nm, is

energy absorbed or released? WHY? .
néqy 1S reltased. Since e- are negahve and the nucle e

poSrhye, the €— are a trackd 1o the Nnucled. Se, a0 the

nuclei get closes together, H'S eltchons ¢ be closer +» CU'S nucley,
angd s elechms can be cloS o H'S nuclkeus, e 4o vach
enemgy is released aqs the atoctts thoye getclo i -Ht: ’

d, If the H and Cl are bonded together at a distance of 0.127 nm, and they get closer together (say, at 0.10 nm), is
energy absorbed or released? WHY?

énerjy IS abSorbed (po%fa‘aﬂ enegy inCrease). Since the nucled are
both. posshve, the nucle: r'elofl Cach othér So theyil need 1o
IACClaae Po),mhu endeqy 1o get clese o each other.
(sinee 0.0 am s closer +hm 1he oiaf\‘mum bondl lengih r'Pd-JZ-’;::!J
we know~ that pottnhal entgy i Bttt |0 (renae Ave T
ff"omlﬁm betwetn pucled Mot +han 1F wil decreaqe duo o
the aHrachm des=ER betweon the €- end nucled, when
the atwms get close 7"05(7‘1\3,)



8e. Convert the 431 kJ/mole (the bond energy of the H—CI bond) to a photon energy. (Joules per photon).

Y31 kT /woo T)/_/_”””f p hotons ) - 9.5 *|p" a_f?.léx/DF';—
kT é.DZMDuf hoTons |

mole | P& phohn
'| (v p# bond)

f. Find the wavelength (in nm) that corresponds to this photon energy.

E - 1B9xp™T. = ,p399x/p'"s"

e 663w JUPMT S
<.

= 30070 . 27¢ /0 m o | 278 Am,f
4 /0799 x|pisg-’!
Uuv = |0~ 40D hm So

thas 15 uv.
g. Breaking bonds usually requires photons in the ultraviolet range (and a few hundred kJ/mole).
Removing valence electrons also requires photons in the ultraviolet range. (and 100’s or 1000’s of kJ/mole)
However, removing a CORE electron often requires X-rays! Explain why!
ety

Cote elechos are closer 4o the nucleus than Valtnce elechms
(ﬁ’\d (e electnns alSo “txperence ™ &y a hig her ‘e%o'hvc Nuclea-
chorge than  valonw elechons, due 7o bes¢ shielding)

so Cote elechms ar€ more strongl athrackd F» the nucltu,
W <
s need more enegy o laave Fhe Tam. [xm%{kmf’ I;nﬁg enegehe

h. Removing a “1s” electron from a sulfur atom requires x-rays with a wavelength of 0.501 nm (or shorter).
Calculate the photon energy of these x-rays.

gu Gp = 0020 WS = Eqppxip' s
\

0.501 x| DM N—
E=hy e (b43mip?rs)(5ass%10767) = [397 x )0 T |

V;

)\;

e

i. Convert the photon energy into kilojoules per mole.

3.0170:xlo""r)[u_t)[é-ozwoufhm”‘—y - 238998 F—T/Mble/
phetmn 1000 T I male phitons 1235’ o Y—T/Mo@

IThe graphs below show potential energy vs internuclear distance for a N-N single bond and a N-N double bond.
Which is the single bond, and which is the double bond? Explain in two different ways how you know. Assume the

L+, graphs ﬁé\ff: thf: same scales. Dou.l?j‘f b!!‘\ftd - N mﬂfef a :
5T Fhan Single bonds; Dovble | ifaits
‘ Bonds requitc more enégy
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9. Names to Know: (What they did, their atomic models (if applicable), and roughly when.)

. o amgue the OxsHace
alton, Adoms | The Rrsf one To us dat 4
. 2 Fo of atoamS. model « billiad bald,
Thomson, 21900 (A Mfdo ;APF/M’M,C Sph!/e)

*Discoveed He elechon, and calcuwbaltd 1he ma“/d’\”‘q( @ho s
fhe ele chon anel of Seveel cahons Model : PIHM Pm.d.d,mg

rUSed 4 ca-fmde ray +ube. e tneg ative ¢-
‘ Ei:;st.ein: PYY de gM-S ’\deol l/)
19 oS Light = po\’hd& [ “Phemsn ) pbs.'hvf doLyg

Explained | predicted Hhe fhb‘h:e)cc-h,c neutaf omel)
effect uSing e idea that Ught is parhele L ke

Rutherford,
1911 DiSecoved he nuicltuy

9old fi) £xp T -shet poSirhve
po Bele (0lp m) ot a thin sheet
gold Hil. A'hny Fach m ""Aﬂ"{f'hﬂd boyacea bhack.

Bohr,

13, Discovwed/ proposed  Quonhze) negy leveld.
(e~ can only be at ceclain €/)fryj tevels Withan the
atm.) his model (aFB3) |Sthe mini Sblﬁ53§JfM.

de Broglie, é- Nbl++N nultus at mg‘})ﬂb"'
. Ma b wave - 2009y levels called n-levelo—.
€- have wave PYD]W%\?A- as N INileasts, AMShance
< Schrodinger> 21927 hose 2 1%m7"ke Nucleue— M P/\@y
Heisenberg invenitd &\AGV\')UM NG t44€ .
Mechoini ca—

(s,p. A, f o brinds)
Heisen {1927)
unwumzng prnuple © Yo can't 0\e+t”fm,mc the preuse
- momeahim angl pesihm of an €~ 1N A an a1

(Chadwick- actually you don’t need to know Chadwick. but FYT he discovered the neutron in 1932)



/Spectrophotometry, Beer’s Law, Complementary Colors:

Red ond GYELN A€ W\\owmon-luy ¢olors
DRange et Ble OVC m,alzmmﬂ'ﬂg ol os

\/IUQ-@ N ‘:H“DW " u "
w
(conHawed  pelow) ——

b. WHhich of these would you expect 1o be colored?

i e | T 2| €5, 135234451 B ag\10
¢- dahm [Ac] 45234 | CATHS?3d | CAJus23a® | ENe]3S™3p%05 fep gy st a ) S TAJUS
e-sL 10 CAI24b | [Av]3a? [T [NeI3S 13 ((ne]303ph| TT3A3 A3

n o & no
vocilly oy YO |19 m° " 7% "
colored VAL) y€s |

ETA soluhan Wl apptds as The CM"FLQW/\‘% (oler
ol 0, Light i+ absorbs. For example, 't a spluhn

absorbs vietet MD/(S')Ybr\g‘]j +han The otier Colovs,

) )low
+he SO luhon will appta ye ,
£ Fhe Spluhon Apoesnt 0-!950(19 Visible J/lﬁ’d,

4 il ke cplocless.

Beer'S Law- A=abc
| The more (onuntated a ssluhm,
the more Light il abSorb

3 se Juvectly pro o hon el

S [p bssibance 1S prop +
S o cmmr»w),wg“ daripr Gol !

=

|

X

slope = ab So long as you test b at 4 Wa\)f'&-lﬂl*
— thad so\uwhm S\"jn'fw@x(m@ AbS o/bS

(@r\'e) The more lagth iF S )u?’lb;_ [ “pa-}:‘ ;ﬂfﬁ..)
' i Thr J +he Ao
X for examyple, il a soluin The ’Aﬁi’ Jotw oLy

the absorbancl ,
llovo, t& probebly abswbs
J?o?( ekt : 5o you'd set the. s',a(dwpho‘fmkr

et Ut vey chongly, So el
't‘DaWaVe!ln;;;\ N 'fie V!OLF?L mf\?&_fﬂ’;}:{?rsm‘o m.?h{'ﬁ

Cbl\un"'m‘hm



(#10, continued)
An experiment is done to measure the absorbance of a solution of Fe(NQ,),, which is orange. v
¢. What type of wavelength of light (what color) should be used in the spectrophotometer? Why?
Blue ! m

Blh_e /S The [mm,ajem(ﬂ+47 CD/N J’?ﬁ oranj{.
Sinte the Soluhon appears ocange o must

absorb blie '.At?}\i‘ S-}Ymﬁb'

d. A student creates a ferric nitrate solution by dissolving 10.0 grams of ferric nitrate into a total solution volume of
250.0 mL (in a volumetric flask) and then mixing the solution thoroughly. They then fill a clean, dry cuvette about
halfway up with the ferric nitrate solution, wipe the cuvette to remove any fingerprints, and then correctly measure the

absorbance.
How would the reported absorbance change (increase, decrease, or no change?) if the student did _ﬂe following things? d )

=.ab ! (ﬁbSabanaCﬁ] is directly proporhm
A4S Lﬁ - Jo ConCentrahon (e prop
De r{ e They dissolved the 10.0 grams into a 500.0 mL flask instead of a 250. mL flask (and filled it to the ling)

They dowbled The ooluton volume while keeping moles Sbf}e tha.
same. so+he molanh, 15 half as loge as The otiginal solutim's mdéf‘r}_
" Lower (onuentahon —> lower abserbance.
n Crféé"e They didn’t wipe off the cuvette, so it had fingerprints on it, 3
Fnger pnats block. 1+e beam d'ieby)\f(by 564‘)’7"&”\/4 and "f‘qud‘é
S Jess Wghdt will be tanSmited + The detecto, ~ Sinee
‘f"'awmhzﬂnce 15 Lawt, the machune i)l reloor‘l' a haghyy
NO(L!Q”#, They filled the cuvette % of the way, instead of % of the way. . A—bSW’_’Jﬂ-n(—a z
S long as thare £ enough spluhm
(nthe (uvetre 7"?4! Ho beaw}p-r.bi ac-}u{;”j pa.SSm'f
hdouch +he SDluhm (and no Airabove Hhe S»
bt YT e a%thri Liguud 7s ire levaht #2)

’De LAk, Right before adding the ferric nitrate solution, they rinsed the cuvette with distilled water,
and did not dry it.

Amateucs! The water in the cuvette wi)l obilute
Heir soluhon 1o a hhweér molari7‘
Lowtr Continhrahon —> Lower abSWbdnce

No U\ fl’ £. They dissolved 20.0 grams of ferric nitrate instead of 10.0 grams,

and 500.0 mL instead of 250.0 mL (and filled it to the line).
Moldity = mbles solule The dowbled+he moles {“reS’D/ufe
LFes soludn ord dhe Litts soluhon, ¢o fhe

“new" MDlM‘)y IS the Same.

ﬁ\l X ﬁﬂs f,g After pouring the ferric nitrate solution into the cuvette, they waited a day before testing it in
the spectrophotometer. (It was a hot day, so 10% of the liquid evaporated)

H:' 'H’LO eVAPDrWl'eS (QI\A Fe (NO}); dﬂ&ﬂ Q_Q_T eVﬂPOIﬂ_re )

WMUA I showdat Sing T 1S 1ML and nonvolahle)
e Solchon Will become more conentated
Wighee Conrirahgn —> IMgher ahsolban Le .



@ . Three possible dot structures for a compound are shown below.
a. Determine the formal charge for each atom in each structure.
b. Which dot structure is best? (which one has the lowest potential energy?)
¢. Which dot structure is worst? (which one has the hi ghest potential energy?)

O' .'o:
o l K acd fl .
F=C—N=H. :F—C—NZHo :F—
C o t e o | .
@ H o H, o

o

[Q

on—o

e
H
o

7
T ég____{é Al the Lormal GMW ae zeo.
IJ'
worst. outof O, F,ard N, Fluoine hao the hiqhadt

zlfdwneyahf/ Iy . (and rs —Clg most el(cMnc_y;.hvc elfmrq/)
So Flyuorine showldnt hgve a /00577(7"/6 @MCMF?

@Which of these molecules/ions have resonance? Draw the dot structure of each to tell.

(77\{_7 musthave o dowble bprd that can be in 2 or more
-eqwmﬂ’nt locahone In the moleaule /1 )

NO," . NO," HNO. . >
D) @ ® ®
D o :F —— o e " td ) = — .
BN < TF N— D . o |
) F: ; .'0// h .-0¢N-—o: Aope
(\ r0: 98 ‘ - '3 ) =
resoman ce ¢ aEpe resonance nope.
SO,? SO CH,0 (C is central) CF, IBr," PO, @
@o @ @ DR @ B "
;0'- / i ) d\
o Be__- ‘360
p N O 1 c F-xTlg, r
o i N L -
:(_),'- ( no pe F o [ 0:__-.]9—___0 ]
risSoman i

noye nop<



13a. Draw the dot structures or the carbonate ion (CO;2), and carbonic acid (H,CO,). Which of these have resonance?
b. There should be 3 different C—O bond lengths (total) in the structures you drew.

Indicate which C—O bond is expected to be the shortest, and which is expected to be the longest.

¢. There should be 3 different C—O bond strengths (total) in the structures you drew.

Indicate which C—O bond should be the strongest, and which should be the weakest.

Also, which C—O bond should have the highest “bond energy”, and which is expected to be the lowest “bond energy”?
d. Determine all bond angles in carbonate ion and in carbonic acid.

(If they are more or less than the ideal bond angles, you will need to estimate the actual angles.)

O 0 V"2 carbongde [on har resonance. The dowble bond hae
\C// ) 3 possible  equuivalent posifions, <o the dowb’f—’{vaﬂo’
] wil actaally be spreac ot overal all 3 poschans,
:0: | So each bong 1S more Like a l"/.,_',' " bond insitaddi¥
A Strict single oraloul'/c bond: .
N 1
The dopble bond is the shotest and shoagest T [wiinave
o svedium

/ bond, Hhas the »’uths% bond é163y

oy o beealk)
\ cneeds The mest éﬂ-{f::gyhmd is .S“hﬂ'c‘f‘ly ~ dowble berd.

\ O/ Ca(bon;(_ ac o0es L\_D_‘r have resonant €,

il _
‘0—Cwr /  (1f you put thedouble bond in the othlr

o O: -0 PD-‘I'HU“S you'd be giveng that oXygén
/ g prJhN frmod choge, SO the C-O posihms
/ a€ not eqw‘vﬂ-m*) The C—o double hond
( So these 2 & JF G .s‘feu'ﬁc “locahisn "

C-0 bonds dare

\S'VH.‘Hj S,};y)c bonda
Thase C-p Single bondo will be
the !_ygjg_ﬁ. 77\4’y are olse 1he
Weakest and have The lowest
Bond é’n@-yy & -Hmj reqaice the )cast é’ﬂ&yy-}'v brea K)

14. Do the following for NF;, BCl;, CH,S (C is the central atom), PFs, SO, IC1,", CS,, and IF; \

a. Lewis Dot structure \ 'ﬁ\i’, K‘_’ is
b. Identify VSEPR shape name(s) and bond angles, and sketch it 11 , y =

(If the bond angles are not the “ideal” angles, you’ll need to estimate what the angles would be.) 't_l m T/LQ Mk‘?b

| ¢ ag.es-

(The rest of this review sheet would be relevant for the quantum part of the FINAL EXAM, but not for the test
on tuesday. So for now you can ignore the hybridization and polarity parts on the answer key for this problem)

c. Is it polar? If so, draw the net polarity arrow. (Don’t worry about the polarity of the ion...) .'l
(all the bonds have at least a 0.5 AEN except those in CH,S)
d. Determine the hybridization of the central atom, unless it has an expanded octet (more than 8 v.e.). /
e. Draw the orbital filling diagram for the central atom in NF;, BCl,, CH,S, SO, and CS, before and after hybridization.

f. Which of the molecules have at least 1 pi bond? Is/are the pi bond(s) localized or delocalized?

/

/



@ @. Do the following for NF;, BCl,, CH,S (C is the central atom), PF5 SO,,1CL,", CS,, and IF;
a. Lewis Dot structure =e kd’m

b. Identify VSEPR shape name(s) and bond angles, and sketch it moll CIA.QW
(If the bond angles are not the “ideal” angles, you’ll need to estimaleml the angles would be.

c. Is it polar? If so, draw the net polarity arrow. (Don’t worry about the polarity of the ion...)
(all the bonds have at least a 0.5 AEN except those in CH,S)
d. Determine the hybridization of the central atom, unless it has an expanded octet (more than 8 v.e.).
e. Draw the orbital filling diagram for the central atom in NF;, BCl;, CH,S, SO, and CS, before and after hybridization.

f. Which of the molecules have at least 1 pi bond? Is/are the pi bond(s) localized or delocalized?

(Tdeal & 1045°
|octuol ¥ % 101° i

? 3 hy bridization
+ebahedal

mj i gonal wmms‘da.f net

A Ow

NF; s oldr N
3 _-g—_-zF‘/iP\,F

ey

eq = trigonal planar
Mg = —tvxgov\.a.(? planar
4 120°

S\o’

B(ls 1S nongol
(s«jmm‘mwﬁ)

eq= mqg = -\‘ﬁtjona.f ?\anar

Sp?
ideal bord 3 ok 120°,
bt dowble bonda need Mo s pace,

”Wum Jowo AEN

@ 122/i1 ot We11E°

:.F.‘. w ¢ . ‘

\-\/ O;U eg=mg= '\’fijon,} bnp\/ramwlal

:?——‘P4{’¥,
F

nangolec dve
120° qoadilo® Bs to Sy"""w’%

~ eq = "\'Y'\\aﬁ‘f\-"’q planar |
S .. ™= be L P
o Sp* F L0 5o, ispler
ideal ¥ \20°
“—anchual § = N6-118°
( Contat, next pase)

‘3 ATIN™



@tﬂ. Do the following for NF,, BCl,, CH,S (C is the central atom), PF;, SO,, ICl,*, CS,, and IF;
a. Lewis Dot structure
b. Identify VSEPR shape name(s) and bond angles, and sketch it
(If the bond angles are not the “ideal” angles, you’ll need to estimate what the angles would be.)
c. Is it polar? If so, draw the net polarity arrow. (Don’t worry about the polarity of the ion...)
(all the bonds have at least a 0.5 AEN except those in CH.S) — peps * and. CS‘Z
d. Determine the hybridization of the central atom, unless it has an expanded octet (more than 8 v.e.).
e. Draw the orbital filling diagram for the central atom in NF;, BCl;, CH,S, SO, and CS, before and after hybridization.
f. Which of the molecules have at least 1 pi bond? Is/are the pi bond(s) localized or delocalized?

f_'.., ) L 44 _w-\ o
.‘_ - eq = ocwmf
(,J'\.. /q i J

. g = SqUAe pkmar

S k% ). all ¥ ee 90°

o oo eq =mg= Qinear CSZ )5 HDﬂQG’W
Aue o Symme

.. s
N

- _H_.- ) eg s OC'I'arheAra’p )
‘F : mq= ScLuare pyrama

i F e _AF : ’
——— B e }cévu

£) €Sz has two T bonds . (locabized ; noveSomance)

CHzS hao O T band [&alocaﬁ,\}e&" r\o(eSonanLe)

S0, was twe Tl b W is Aelocalized ove both S—O bornds
(SO, W resomance).

(e) s mhe noxt pege.



NF; [$p3) N atom hybnzltzed N
[Ty il
o 25 _2p sp° s
\0“’93‘.’;6
Bz (sp2) B atom hybridized B \(“0‘08“»
m U | prr)y OO
23 ?/P SFI Zf’
s Wl ) aEm @
[SPZ) 2s Zf SP2 7\ zf
Carbo gan /
e qﬂ}m:\d the (,a.-'bwj NLeds
2 pobital v
'%au one T1 borel
So, M [l ) _ e
(sp) T SR RIA G I ¥
ql\h‘[bn\d';y& S 5'6,7_ 319
0 ( ¥ isweird . ..

s QM) S (reSonance) Z:hw;fm‘s, ?/ e; Séthb,\/fJ in 20 1T
TN 2 bord,.. o 40 make the 27 b
L o O 10 ovuinted 2 holf Rlled sp2orbi el

but S has & posrhve F.C, so 1T cortnbid,
=3 T ———t-koth fhe p— 4o 0re Hf The bindy
cS e i
HBLLY g | @ AT
s ZP ‘ The }g(,-\/b.;n needs two W'G”lt’
p orh

bely o Make +he fwcj’Tf :
o /



é 13 BVWrLg éneryy (BE) is the snegy

3 J_ fféiwxei remove an electw) ﬁmeM
% Ef_i% \ Bg'= Epmitm — KE £ ejected e~ la
o+ Stact v/ Ipwet
v "
% { 1' T 4o lcave

e «:ATf ugLMBE)
Bm&l.lnj en ey ( M3 /mdo) “

@onsider this spectrum acquired by doing photoelectron spectroscopy with

2902756
Phosphorus. | 2
. Label each axis. Assume that the energy units are MJ/mole. o Ié l s -f ZP 3S 3 ?

— —

b. Label each peak — which electrons correspond to which peak? =
¢. How do the peak heights correspond to the orbitals/configuration/electrons? Explain.

The peak height is propohanal +o the Numbe 7P
ele’;‘fﬂns myﬂ.e ,owf;\‘uﬂ# prbi el +ype. (o vsubleted")
For £Xample The 2pé peak S 3x tallerhen f'k:. 257 peak.

b

d. What is the “TE1” (“first ionization-en orus,inkl/mole? "z T x"()(d(é}
Lob MT /mole l | Dé O KT/m lﬂ_] g&b\«to‘
€. Write the chemical corresponds to

of phosphorus, including phase subscripts and the energy term. @ \D %Q/

e
f. How does thcéZOS)peak compare o lhe(_ 6" peak in terms of

1he kinetic energy of the e ected

ectrons as they fly through the machme to the detec
e “708" €= Wil Rave \€ast Yinehe é/\f@? W < foweat-speed.
-the potenual energy of the. el trpns before they are hit with p otons!before they are B_]C'C[Bd
The 209 paak s fv e R s ot worin P Iowest poiahalencgy

-the energy requared to eject the electrons from the atom.

~ 208 " the - 1 v Mmoot €n fo lzave thon
N P oe e 1o i

g- In the PES spectrum for sulfur, Sulfur s highest eneﬂ peak is g 239 MI/mole. with . gé
What orbital does this correspond to?_1S S‘Z—Z .9 -z'z b3S 25 r‘rq f' tq
orts (208).

Explain why the maximum value for su]fur (239) is greater lhan the max value ff r phosph

Syltur has I more }:rD*Mﬂxm phosphonis, so Sultur haa o«

moce positively chamged nucleus, so sulfurs |s eltchoa
il be move adackd o Sulfucs Nucltus than Phosphoms's I

eleehgns Wil be althrcted o fra phosyhorns W”&,w, .
¢ Sulturs elechors will requare mg/e _(/].efyy-}-p l2a

h. Sulfur’s lowest energy peak is at 1.00 MJ/mole. What orbital does this correspond to‘? 7 u‘:lm
Explain why the value for sulfur (1.00) is less than the value for phosphorus (1.06) for thsc lectrons.

op [TI1T | «? ko a holfRlld 3p Cublevel (s doeont)

A7 1T | whideg wco Phosphorus 'S 3p elecdvors
> W re\ahve Jow %MP é’af’f/( so P'S 3
3p zzgj %

elechors a e lg hVe! amouat '(AE

leoaire : PV ol SHPCRTY R nr: Cma o IAMYhIM



sp,190°

16. How many total sigma and pi bonds in this? 9 a ) 3 m 20 H
What is the hybridization of each carbon? ] l
What is the ideal bond angle at each carbon? He=C e C~— C=C-H
Does this molecule have resonance? N0, | P\
Draw the orbital diagram for an unhybridized carbon atom. H s 180°
For the first three carbons, draw the orbital diagram after hybridization. Ps
S P 2 5P 3
L
Carborcatmn (unhyindizel ) 120° 109.5
2 A 2
Is*Zs22p l_'N'. \TIT &
2s 2p
Frst corbon (enthe lefl) || SE€tond Carbm Third cacbon
i sp2; Ize° S SF3, 109.5° 'S 5p , 1%0°
ar @ | ey | Gled [l
Sp 3
sp* 2 PR P g < o
\\ ' )
The Jeft covbon 7S \ The 37 cabon s
involvedn one T bod \\,_ ivelVed in twp
So it needs one half-fld ) Wfi“‘df/ Se 1} needs
p - ocbrinp. N WO half-f)icd
p-orbitnls
17a. Consider the species SO;%and SO, . Which one(s) of these exhibit resonance? :
b. Another way I could have asked (a), is, which one(s) of these have a 0. .
c¢. Explain your answers to (a) and (b). . S
d. How do the S-O bond strengths compare in the above two things? oe -2 O 3
e. Identify the hybridization of the sulfur in the each species in (a). e S ~ - G S 7z
(a) only So3 has reSornance, S l
. O : O

(€) Sp3% has no dowble bmdl, so
W cant have reSenance. S03 has a dowble bond, ardl there are 3

equ-lvwf\‘}' 'oDSFhMJ‘ the donble bond coulg occupy. So SO3 haw
reSonanie;, The T bond m SO3 IS dt’lofdlz—fd (Sp/fAdouJ’)

O\I(fﬂ,u. 3 5-0 bbf\d.S' so the 50 bonds In 503 e the same lhyfkdf‘h'(,‘iﬂ\

(d) So5* has longer bonds ond weaker bonds,
S0z has shocter and shanger bonds * All 3 5=0 bonds inS03
e behvetn o 5)A9L¢ onad dowblp bongd in +MmSs r‘# ){ny}'had

_ Sivength, ond double bondy we shud dd Shorge Fhon Sing ey,
() So sﬂgﬂ ! S03* sz




s frmda wWill be qvtn o the test:

6: If an electron in a hydrogen atom “jumps” from n = 5 to n =2, what will be the change in ener

A L
pE= -218 %1077 ( Thys

) : ?_ -
- ';‘\'Ez = -2.|2xlO-‘8 —ZL;' ;j = -4 538x)0 'g'

(AE is negahve , Lohith (._L“;g x|o4 1:}

means enégy g

rel|eased

b. Will the atom absorb or release energy as this change occurs? (which one?) why?

The atom. releqses en€gy. The elechon ‘moved " close-
fo the nuclews when 1+ Weat fvm n=5 4o n=2,
Sinw eectona ove negahve ad the nuclas is posihve, the é-
ch_iﬁﬁ__a_l'tao + the Nucleus, so will hawe relahvely low
W Cclosef e nucleus. SoHe - must relcaae

L

2nér
/s%%y Whor H appraches e Auwcltuws, as AJud hee
/{

Suppose an electron in a hydrogen atom starts at n =1, and then leaves the atom.
This means that the final n-level is essentially < !

Ay .
¢. How much energy must the atom absorbto :z this, in Joules?

AE= -208x1075 (252

- L) E cag<07(-0)

‘2
= | 2agx 107 7

J

d. Find the frequency and wavelength of the photon that the atom must absorb (starting with the energy from part(c)).

E =hv | C= NV
-8 3.00 x)ogm/f
e/ - 28xD T x= & = 200%10 =
4 & b.b2bx1 0% v 32_92’ <10%¢ :
N =9 17 *ID LYY |

V= 349 %10 s &« Hz |

(qu«ent:g)

e. What type of light is this? (What part of the EM spectrum)?
type of EM radiation that is typically required to ionize an atom!)

(hint, it is the s
MIMV:':TEH nfﬂf!ydﬂ atms and molecdes requure
UV vadiaBion 40 Knock sut vallnte elechans, or to beeak bonds.

f. Convert the energy required to kJ/mole.

(2.8%) o"*f)(l'fi- )(
10003

(ard Awis IS

b.02=| 0*? ) _ nar——
——————/) /3/2.35"’[_/?)0 KT/molej

moke

indach the 1E 78 hysogen!)




