Spectrophotometry HW Questions:
1a. Briefly describe the process of Spectrophotometry.
What does the machine do to the sample/what does it measure?
State Beer’s Law, and explain what each letter stands for, and the units for each.
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1b. Write the electron configuration for each ion:

Potassium ion #1414~V = |8 ¢~ K-“ ISzz's'lzf;'bas231‘?eJ thot
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ilver ion (Hint: Silver ion is diamagnetic. . q ~ K( IO] lese their putes S
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Iron I1I ion Fe""} 12 %¢" 'ﬂ‘!j":“m 'M)
Zinc ion Zn-'l"" : 28 (A

Manganesc(ll}]unMn*z : Z SC'

Le, Which of the above ions would you expect (o have cotor vs which would you expect to be colorless? Explain.

Co*2 Fe*’ Fe*3 puf Ma™* poud be coloced, siace f'hz Aave farh”a.”j
Alled d-orbitals, o thecetoc wald ahsob visible Light,

ly Giled o

Ag+, K*, ot 20 poolibe cololess since they AS:—‘ cmpm’lcbkg‘“gu“w s

Cobalt (III) ion can form a complex ion using ammonia and chloride ligands. P J C [NH (J +1

d. Write the formula for the tetraamminedichlorocobalt 111 complex ion, including the charge. o 2

This ion has an octahedral geometry, with two possible geometric forms (or two *geometric isomers”).

If the chlorides are next to each other (at 90°), the ion is called “cis-tetraamminedichlorocobalt 1117, and if the chlorides

are across from each other (at 180°), it is called “trans-tetraamminedichlorocobalt I117.

e. Draw a picture showing “cis-tetraamminedichlorocobalt III” ion. Show any lone pairs on the ligands. +)
::\

f. The “cis” version of the ion absorbs yellow visible light most strongly.' H _ M
What would be the apparent color of a solution containing this ion? 1_‘ \ N

viplet, (+he Cumpltmmﬂy color of yellso)

g. The “trans” version of the ion absorbs red visible light most strongly.
What would be the apparent color of a solution containing this ion?

green (He Comple Mn'h'y

v @y [
PESPS (PhotoElectron Spectroscopy Problems!) d L

2a. Briefly describe the process that occurs in PhotoElectron Spectroscopy:;
What happens in a given atom?
How are electron speeds measured?
What does the kinetic energy of the electron tell us/how is it used in calculations — show the equation.
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b. How does the data obtained using PES compare to an atom’s “first ionization energy.”

(how is it similar, and how is it different?) a
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3. Consider the PES spectra for carbon, fluorine, sodium, and potassium, below.
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3. Consider the PES spectra for carbon, fluorine, sodium, and potassium, below.
For each graph, the x axis represents “Electron Binding Energies in MJ/mole”)

a. For fluorine and potassium, write the relative peak height above each peak.
b. For all four spectra, write the corresponding part of the electron configuration (for example, “2p*”) near
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c. Use the graphs given above to find the “first ionization energy” of each element.
(Hint: Should IE, correspond to the lowest or the highest energy required to remove the first electron?)

2
IE, of sodium = 500 kjimole (5010 )

IE, of carbon = |00 ky/mole

[E, of fluorine = | 680 kJ/mole 1E, of potassium = 420 kJ/mole

d. For sodium, write a chemical equation, with phase subscripts, showing the process in the atom that
corresponds to IE,. Include the heat term in the equation. The equation is started for you:

N-‘H le,.

N

7
e. Why is the binding energy (B.E.) of the 1s electron SOO00000e. much larger than other binding energies?
Use potassium as an example: Why is potassium’s 1s B.E. so much larger than the 4s B.E? Give 2 reasons.

O potassium's’|s" elechms X much closer 4o the nucltus +han

iy “Hs" electron , so the “[s” elechons are more strmgly
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f. What is the binding energy for sodium’s 1s electron? (0 4 M T/ mole ( lo4 000 k3 /mole )

What is the binding energy for potassium’s 1s electron? 34 7 MT /Mole  (34F 000 ET /mol¢ )
Account for the difference in these binding energies.

Na has 1} patwns ot K has 19; K has a lages nuclewrchage.
(TM IS elechons arend shaeldtd from He nucltus bj otho- elecho).
So fo*l-ptSSium s Is elechos will be mofcmnj_/y athva cted

4o the nucleut than sodiumis 15 electons, Se Foml'um’.r
elechons will needfo abswb/increase eney more 1o lcavethoatan

g. For carbon and fluorine, compare the IE, values from the previous page — which element has a larger IE,

ad WHY? ¢ . |pq0 kT/mole F :[b80 kT /mdle
1s22522p2 \s 22s22pb
Botn atems wowld logf“f a Zp elechn, but F Aat-
3 moce ooroJfaM than Carbn, so F hao a hgher effechre
Nuclew charge, S Fis elechmns ace pore athracted

fo the Nucltuws than Cis  €Elechons, So need Mo’e
eneqy fo leave fhe atorl.

h. Why is the binding energy of sodium’s 3s electron larger than the binding energy of the potassium’s 4s
electron? (In other words, why does sodium have a higher _loiZathn Endy 4 than potassium?

Na = IS*Zs2zp43s’ Both have an efechve hucltar charge
| S /_SZZS'lZF‘BS'ziloéq;l 4 '4'}, bM Md.'.f 25 deswms ore close-
b He aucléw than Ky  4s elechws
So Na's 35 e- dre more shargly wb‘mdrjffoﬂe
Nucltus, so theyll Need more  endgyw laavefhoatam,

i. Lithium, Cesium, and rubidium have IE, values of 376, 403, and 520 kJ/mole.
Which element has which IE, value? .
1 Cs Rb L,
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“Valence Bond Question” (the “VBQ”)
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7. Answer the following questions about the structures of ions that contain only sulfur and fluorine.

/Ld)w (a) The compounds SF, and BF; react to form an ionic compound according to the following equation. — +1

SF, + BF; — SF;BF,

(i) Draw a complete Lewis structure for the SF;* cation in SF;BE,.
6+3(3) -\ = 26 V-€.
(ii) Identify the type of hybridization exhibited by sulfur in the SF;* cation.

(iii) Identify the gcumelfy of the SF,* cation that is consistent with the Lewis structure drawn
in part (a)(i). | 4yv fiona.(’ Py mm-‘dal
(iv) ‘Predict whether the F-S—F bond angle in the SF," cation is larger than, equal to, or sma\[ler
than 109.5°. Justify your answer. The elechmm ge 0#‘{‘? of this /' on IS f?#d.}ltéd-ﬂ,
whith lavolves o “idead™ bond azyk. o£109.5°; However, lone paics of
elechms repel bond paics moce shongly thad the bond padrs repel cach sther, So
the lonepair o the Sulfur Will push the S=F bonds away Aam Fshoyly, which
Will pushthe three S-F bomds Closeto each other, pobsbly fo a couple
of degrees lesS thon  [09.5°

(b) The compounds SF,; and CsF react to form an ionic compound according to the following equation. j -]

av

SF, + CsF — CsSFy - ‘F

= | F
? —
(i) Draw a complete Lewis structure for the SF™ anion in CsSFs. "F S: Kt
, , . br?(s)*l= 42 e e F
Identify the type of hybridization exhibited by sulfpr in the SFs~ anion. -,E . .
we wused fo say 5-?342 i f éy

L
- "

) ) e-pais... p) — ___
(iii) Identify the geometry of the SF4~ anion that is consistent with the Lewis structure drawn
inpat O)).  Squace pyramid al.

€
do 8. Suppose that a stable element with atomic number 119, symbol Q, has been discovered, v‘?d 6
1w (The next noble gas afitr Rn woud be #118, 4 1n 7p ) '

(a) Write the ground-state electron configuration for Q, showing only the valence-shell electrons. S

(b) Would Q be a metal or a nonmetal? Explain in terms of electron configuration.

@ wonld be a metal s elechm Lmﬁjum'ﬁm ends in rl_s: jusf LWke ai
b e alkali metuls. Mhwomld be [a the alkali metalo column (TA),
Jnst below Francium.

(c) On the basis of periodic trends, would Q have the largest atomic radius in its group or would it have the
smallest? Explain in terms of electronic structure. ‘
H wonld havethe lagest radius ln its group. Ragdius increases
a8 You fo down a column, ao the n-level of the ouvdt (Valtnwe ) elechon 1nlrtasy
I+ wow[{ have Similar effechve nudta charge 7o the elemeqts above i1, but
I+s ouher elechmi is in N=§. All the elemad above it in (13 column have theo odo

d) What would be th lik ion i ioni 'n N=
(d) at would be the most likely charge of the Q ion in stable ionic compounds? elechn |n Nz 7 or lowe.

(e) Write a balanced equation that would represent the reaction of Q with water. ;\l‘: k‘g‘“’ He n-levd )
lager the e lechon
+ .
[ 20 +2H,0 —2Q0H + Hz N&ii‘;in(c-ﬁwm
_ ' Aucleus, So thelargy-
(f) Assume that Q reacts to form a carbonate compound. the rads e~ '

A—
-_——

(i) Write the formula for the compound formed between Q and the carbonate ion, CO32‘ . ch 0
I '3

(i) Predict whether or not the compound would be soluble in water. Explain your reasoning.

1+ woud be expected 1o be Soluble. |4 wcﬁd Cortain Q' g alkels
"7

mekld Cobm.  Jonit compmndo contain metal
geatally soeluble i1 waler. RS
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6. Answer the following questions, which pertain to binary compounds.

F+H(3)= 28 v.e.

(a) In the box provided below, draw a complete Lewis electron-dot diagram for the IF; molecule.

(b) On the basis of the Lewis electron-dot diagram that you drew in part (a), predict the molecular geometry of

the IF; molecule. L-T__ Skﬁpfﬂu

(c) Inthe SO, molecule, both of the bonds between sulfur and oxygen have the same length. Explain this
observation, supporting your explanation by drawing in the box below a Lewis electron-dot diagram (or
diagrams) for the SO, molecule. b+2(6)= 18

' S —>
N .
:O'// '.C)o: .O- O‘

As shown above, S0,'s dwdble bond car be in eithe he |eft o nght
S-0 bond; s moleude hao resoance, The T bond is delocalized
over both S-0 bonds, Se the fwo S-0 boads will be equalinlegth,
and will be shocte than a typlcod S-o single bord, but longe thaa

a typicck §-0 double bond. |

(d) On the basis of your Lewis electron-dot diagram(s) in part (c), identify the hybridization of the sulfur atom
in the SO, molecule. 2 :



5. Using principles of atomic and molecular structure and the information in the table below, answer the following
questions about atomic fluorine, oxygen, and xenon, as well as some of their compounds.

irst Ionization E
’lfw Atom Firs (E}z;t(:;_l) nergy
F 1,681.0
1,313.9
Xe ?

(a) Write the equation for the ionization of atomic fluorine that requires ],68_1_.0 kJ mol™!,
+1
Figy + 168lokr —> F 0 + e -

(b) Account for the fact that the first ionization energy of atomic fluorine is greater than that of atomic oxygen.-
(You must discuss both atoms in your response.)

Ft Is2zs22p® o+ Is22s22p" '
Both elemeats would be |0Sing an elecha flomn =2 (hom a 2p ovbitel)
whta they form a +| 101, Fluorine has | moe proten than oxygen (9
compared o £), 50 fluonne haa a Lu‘ghcfmnumchaqf. The Zp5 ¢lectvona
I +o the nucdtus in Fluoriae than in oxygen, so €l
;ol;!effmm M,,f.-ﬂkﬁzﬁfm move eh:l&y;}o eScape 1nis a Hra.chw-&yr?c fnto;c‘ v:"f‘;fe?‘.r

(¢) Predict whether the first ionization energy of atomic xenon is greater than, less than, or equal to the first attm,
ionization energy of atomic fluorine. Justify your prediction.

i Nl ' ﬁ\an')quaniqe
Xeaon will have a smaller }onizah'en €147y d
F: Is2zs22p5 Xhe: [KelSs3{d®Spé. Though Ye€non's outt elechmamay,
expecience a s Wghtly hight effechvenunedta ch Fhan £luociney oudt elechm,

owld be losing a Sp elechm, while F w be losiag a 2p elecchw, N=5
)e‘F(du:M ot 5‘%}:’#{%‘“ n=2 elechns; Ye hasa lage radius
than F. Hecocdd oulombs (0w, The ativachive foce between the elechms and

voi L decrease oo the distance betw e them ntrtasea, So Yeqgn,
#;' gﬁ% il be [1ss athocted 1015 Auciens than £1a6anes e- 4o ks nucien

A ; €
(d)” Xenon can react with oxygen and fluorine to form compounds such as XeO; and XeF, . In the boxes Yenon l ua, 50

i i ; il
provided, draw the complete Lewis electron-dot diagram for each of the molecules represented below. ) 4 ;: '
$+3(6)= 26 g+(7) = 36 "‘qﬂ“ s
XeOs XeF; 1Yo/ less
o o los€
enegy
r x4
(4

i1 = . _F*
&/ﬁ\"’“f g | [Fo%l

g‘ ‘e :O: °

The hybridization of the valence orbitals of xenon in XeF,

(we wodd havesacd 5p3dZ sin(e bl puic) Shape? 9¢1upxcf:|anaf

(f) Predict whether the XeO5 molecule is polar Qr nonpolar. Justify

(e) On the basis of the Lewis electron-dot diagrams_you drew for part (d), predict the foll?)wing:
(i) The geometric shape of the XeO, molecul* ‘f'ﬂ‘? 0“42 P‘j rama J

oyr prediction.
olo/, since the moleade 1S mymmei'nc )y 1e ol _
E'Z}r;wsl dao not cancel - see Pu‘cht{ aboov?, fo\z(fo# d?s’h«o}wc



8. Answer the following questions using principles of chemical bonding and molecular structure.

| lbve r— . -2
\AQ‘« (a) Consider the carbon dioxide molecule, CO, , and the carbonate ion, CO32'. N O'. 1
(i) Draw the complete Lewis electron-dot structure for each species. \
. 'Yy C\ bt |
e -

(i) Account for the fact that the carbon- xygen bond length in CO4% is greater than the carbon-oxygen
bond length in CO S':'nj le 2ondsS are |pn

Y - e 1hon dovble bendS. The C-0
bonds in Coz are dmll.-. bonds. In Co372, +he {7 bord I's delocalized ove g1 thee

t’._l;o bonds (it h:a k;ﬁ‘g?g;'fc s Hfu e C-0 bonds are e Same leaghh, and siace
we moe omds Shorte-than (-0 Sinple bmda
an -0 double bowds (like fh cffto:), ing ) but lomge-

(b) Consider the molecules CF, an Fa

U 3 qe- ‘34 V-e . » ‘# ]
. F', (i) Draw the complete Lewis electron-dot structure for each molecule. * | = ”
l i / g 'c
C 3 .
g/ 1 S s
i " I::. e : oFo g

(ii) In terms of molecular geometry, account for the fact that the CF, molecule is nonpolar, whereas the
SF, molecule is polar. Both Aave polar bonds, However Siace cFy hao noloe
‘oajr.s and hao J-C’}mhzdmaffm plealar gemeny, He mol€uile I's Vl'g _
Symmeh’f(ap, so the polanty arows Yo Zero (it hoo no nc-l-d.tfhle),
& the polaridy arrws i CFy concel vd. SEy is asymmetn'cal due to the

exha Ine pair ; it hoae- a VSeesaw" mole wl & jfomc?_ I+ has

(..-ﬁ - T\

\
o

a net D]wib, Jowowrd The two Fluovnta on +he

r:"yﬁf siap” of f’*&p:bhﬂ,m Shoon hee <
L S\-)F-
{
F

/),0& (c) Two Lewis structures can be drawn for the OPF; molecule, as shown below.

.0 . -l
o B
U X E AN
Structure | Structure 2

(i) How many sigma bonds and how many pi bonds are in structure 1 ? l‘l' Si 3 MA, | PI

(if) Which one of the two structures best represents a molecule of OPF4 ? Justify your answer in terms of

factual chigge If we base ow answtr on frmal chapes, stuctwe | is best.
All ot formal charf are 200 Tn Shucwe |, |nshuchwe 2, the Flupmis-
hve o Zeo foml chage, bt the P is +1 od the oxygenss -1
I+is best +v havt formal fumal charge fomal chage
Charges equal P 20, 0r 00 los-as possible.



Periglie Treads — explun - a) why IE, of F > 16/0)
— ) v le, )y > (o)

) B Mg) > IE (Ca)
d) © 1, (M5) > 1, (H)

| el
] 117

Co

@ @> and Cc) 05{} fhe fCMaJ perivdie table trend
(Fis to the r/}bﬂf—d—,é 0, Mf s orbﬂ_VC C‘a) . (b)axd (d) do 42

¥+

@) F /Is32s%2p” 9 protons ip auclewe
© Is2asi2p?* 8  pietors 14 Nuc lews

Fluorine haw o bupher efbechve nuc leaccharpe f#Aan ox I,
7P onter ¢ lecTons Z Faad O arc shuelded 'ﬁ:?:?ncvz‘)c /?udzg
by the, negative tlectons in et the |s /Evel, so
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