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Chemistry 1311C
Midterm 2
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Please keep your work covered and keep your eyes on your
own paper! Cheating or any appearance of cheating will result
in an F in the course and possible expulsion from the
University.

A periodic table, formula sheet are provided. You may rip these

2 pages off of the exam and use them to cover your work.

You have 80 minutes to complete the exam.
For each question, please write your final answer in the space provided.

Question 1 2 3 4 5 6 Totale

Points 5 5 5 5 5 5 30

Note




1. Acetic acid is a weak acid with K,=1.8 x 10”°. What is the percent ionization of
acetic acid ina) 1.0 M, b) 0.10 M and ¢) 0.010 M CH;COOH?

: What is the percent ionization of acetic acid in 1.0 M, 0.10 M, and 0.010 M CH;COOH?

nalyze

- The percent ionization is determined by dividing the amount of ionized acid by the initial acid concentration
and multiplying by 100%.

lve

-~ Use the ICE format to describe 1.0 M CH3;COOH:

CH;COOH + H,0 =— H;0* + CH;COO~

initial concns: 1.0M — ==
changes: =V +xM +xM
equil conens: (1.0 — x) M xM xM

- Weneed to calculate x = [H30"] = [CH3COO ™ ]. In doing so, let’s make the usual assumption: 1.0 — x ~ 1.0.

H;01][CH;CO0O™ ; 2 2
Ka=[3 J[CHgy e B stz poneg
[CH;COOH] 1.0~ %4 <10
= [H0u = [CH05 ] = V1.8 X102 —=4206 10%M

The percent ionization of 1.0 M HC,H30; is

H;0" =3
% ionization = g—]—— X 100% = A2 100 A0 X 100% = 0.42%
[CH3COCH] 1.0M
The assumption that x is small compared to 1.0 is clearly valid: x is only 0.42% of 1.0 M. The calculations for
0.10M CH3COOH and 0.010 M CH3COOH are very similar. In 0.10 M CH3COOH, 1.3% of the acetic acid mol-
ecules are ionized and in 0.010 M CH3COOH, 4.2% are ionized.




2. Common ion effect: Calculate the molar solubility of Mg(OH), (Ks,= 1.8 x 107" in:
a) Pure water
b) 0.0862 M MgCl,

c) 0.0355M KOH (aq)

tCommon-Ion Effect

} (E) We let s = molar solubility of Mg(OH), in moles solute per liter of solution.

W K, =[Mg"JOH | =(s)2s)’ =45 =1.8x10"  s=17x10"M
‘() Equation: Mg(OH),(s) == Mg’ (aq) + 20H" (aq)
Initial : - 0.0862M ~0M
Changes : - +sM +2sM
Equil - (0.0862+5)M 25M

| K, =(0.0862+s)x(2s) =1.8x10™" = (0.0862)x(2s) =0.34s> s =73x10°M
(s << 0.0802 M, thus, the approximation was valid.)

© [0H |=[KOH]=0.0355M
Equation: ~ Mg(OH),(s) == Mg*'(aq) + 20H" (aq)

Initial : - oM 0.0355M
Changes : - +sM +2sM
Equil : - sM (0.0355+ 2s)M

K, =(5)(0.0355+2s)° =1.8x10™" =(5)(0.0355)° =0.0013s  s=14x10"M



3. You are given a 0.500L of a 0.660M solution of HOBr (Ka=2.10x10™)
(a) What is the pH of this solution?

Answer:

HOBr — H' OBr
0.660 - -
0.660-x X X

X/0.660-x = 2.10x 10”7

Since 0.66>>2.1x10" we will use the “assumption” and 0.66-x = 0.66
X’ =2.10x10" x 0.660 = 1.39x10”

x=372x10"

This is the [H'] so pH = 4.43

(b) You now add 18.51g of KOH to this solution.
What is the pH of this solution?

Answer:
Moles of HOBr = 0.500L x 0.660M = 0.330 moles HOBr

18.5 g x (I mole/56.11g) = 0.3297 = 0.330 moles
Added 0.330 moles of KOH

The reaction is 1:1
KOH + HOBr — K" + H,O + OBr

This solution now contains 0.330 mole/0.5L or 0.660M OBr

This species is a base
OBr + H,O — HOBr +OH and Kb = Kw/Ka = 107%/2.10x10° = 0.476 x 10”

OBr + H,O HOBr + OH
0.660
0.660-x X X

x*/(0.660-x) = 4.76x10°
Since 0.660>>4.76x10° we will use the “assumption” and 0.66-x = 0.66

X’ =0.660x4.76x10° X’ =[OH]=314x10°  pOH=2.75and pH = 11.24



4. (a) What is the minimum value of n for the following / values?
[=3
minimum n = 4

[=2
minimum n =3
(b) Circle (neatly!) the best single answer to the following question.

An atomic wavefunction represents:

1. the region of high probability for an electron around the nucleus of an atom
ii. the exact location of the electron

iii. the repulsion of all the electrons among themselves

iv. the region of high electron density for a covalent bond

v. an orbit that an electron follows around the nucleus of an atom

(c) How many orbitals are available with the following sets of quantum numbers?
n=4,/=2 m=1
There is only one orbital (2 electrons)

n=3,/=3, m=-1,m&=-1/2
zero orbitals, for n =3 | cannot equal 3

n=4,/=3
m;=-3,-2,-1, 0, 1, 2, 3. There are 7 orbitals (they can hold 14 electrons)



5. What is the electron configuration for the following metal ions and how many
unpaired electrons do they have? Diamagnetic or paramagnetic?

a) Fe(III)

Electron configuration: d’

Number of unpaired electrons: 5

Diamagnetic or Paramagnetic: para
b) Co(II)

Electron configuration: d’

Number of unpaired electrons: 3

Diamagnetic or Paramagnetic: para
c) Zn(Il)

Electron configuration: d'°
Number of unpaired electrons: 0
Diamagnetic or Paramagnetic: dia

6) a) For a hydrogen atom, if an electron drops from the excited state where n = 3 to the
ground state, what energy of light is emitted?

AE = 2.18 x 10-18 J } 2]

=1.94x10"J
The energy of light emitted is =1.94 x 107'% J



b) what wavelength of light is emitted in nm?
E= 1.94x 10" J;
A =hc/E

A =(6.626 x 10* J.S)(3.00 x 10® m/s)/(1. 1.94 x 10™® J )=1.025 x 10" m = 102.5 nm






EQUATIONS SHEET

AH’n = ZnAH% (products) — SmAH% (reactants)
AS°xn = 2ZnS° (products) — =mS° (reactants)

PV = nRT AG = AH - TAS AG® = -RTInK
Vrms = (BRT/MM)™? AE=q+w AG = AG® + RTInQ
2
(P+aan(V—nb)=nRT q = msAT q =CAT
e
w = -PAV [A] = -kt + [Alo t12 = 0.693/k
K2} _Eaf1_ 1 1/[A] = kt + 1/[Alo In[A] = -kt + In[A],
K, RI{T, T,
Pa = XaPA° Pa = XaProtal Potal = P1 + P2+ ... Kp = K¢(RT)"
Solubility = kyPgas KE = (3/2) RT d = [P(MM)/RT]
pH = -log[H30"] pOH = -log[OH] pH + pOH = 14
Kw = Ka X Kp oH=pKa +log [conjuga?e base]
[acid]
ECell = Ereduction + E oxidation Charge (C) = current (A) x time (s)
E° = (0.0257/n)InK E = E°—(0.0257/n) In Q AG = -nFE
E = hc/A E=hv C=Av
11
AE = RH(n? - nf)
Constants: Conversion
Factors :
Avogadro’s Number (Na) 6.02 x 10% 1A=1Cs”
Faraday’s constant (F) 96,500 C/mol e 1C=1JV"' mol”
Universal Gas Constant (R) 8.314 J mol" K
8.314 kg m? mol” K 52
0.08206 L atm mol™" K™
Planck’s constant (h) 6.626 x 1034 J s 1 atm = 760 torr
Rydberg Constant (Ry) 2.18x 1078 = 760 mm Hg
Speed of light(c) 3.00 x 10® m/s =101.3 kPa

x=—b:\/b2—4ac

ax®+bx+ ¢c= 0; 2a



SIBON LeA| ‘g1 Jufilikdos @

“SJUBWS@ ABYIUAS 0} pUOdSSJJ0s [ELIOU pUE 8B)S SN0asel 0] puodsaJod ile)) ‘a1els pinbi 0] puodsa.Jod JIe) piog ‘8Je)S oS 03 PuodsaJJod SJOGUIAS Pog ‘SUOKHIPUI [BLLLIOL Japuf)

wmouaime] | wnyeqoy | wniaeepueyy | wmwaey | wmmeisug | wnwaopes | wngdydeg wnng | wnowewy | wnmelnd | wnwmyday wnuedy) | wnuRoelodd | - wmdoly)

+€ T | +€ TT|+€

T | +€ T | +€

- -1- €1 |- €1 - €T |- €1 [ +€ €1 [ +€ €1 [+€ £T|+€ €T |+ €148 £1|+9 VT [+ ST |+ €1
£50T09Z | 600T65C 0852 1560252 £025¢ 96L0TSZ | E0LOLVZ we VISEVZ | Ty90WWZ | T80LEL | 6S08ez | ssseolez | 1seozez | f
€0T 17 (20T ON|TOT PINI0OT Wi 66 ST | 86 JD | L6 Mg [96 WD |96 WY | ¥6 N [ €6 QZ 6N (|16 8d |06 Yl
wnpeyn] | wmgaeys | wngyy wnigs wnwoy | wmsodskq | wmige) | wumopes | wmdouny | wnweweS | wamewoug | wnwukposy wmmuAposse|  umwe)

T | +€ T [ +€ T | +€ T | +€ T | +€ T | +€ TT|+€ TT|+€ TT | +€ TT

L96%LT VYOELT TZYe689T 97191 ZE0E6VIT 09291 VEST639T STLST S96TST 9€0ST JXAT 440 A4 S9L060V1T STTOVL @

TLN]|0L QA |69 W] | 8913 |9 OH |99 AQ | S9 qL | ¥9 PD | €9 nF [29 Wig| 19 Wi |09 PN | 6S id | 8S 3D

wnr90unL mXayuL wnpenbunuy wmgunoy | wnwnunug | woponun | wowewyeyy | wmssey | wmwyog | wmbsogeag | wnmgag  (wnpaopseygny| wnwnoy | wnipey WuEY
- - - - - - - -1- -- - - - - - - -1- - - - - -lse 11|+ 60|sT f0
€62 682 692 Lz uz 692 8LET99Z 9z a9z Zresz wese Wiz | sz | vsosz | Lewe | f
1811 0NN 91T ynn v11 bnn ZIT NNTIT NNN|OTT Un|{60T WA [SOT SH|L0T yg|90T mm SOT | vOT R |68 OV |SS ey | L8 1
uopey oeisy | wmwopg | pnwsig pea] wnyey; | Adnaseyy piog wnugeg gy sy wnwayy | ueysiump | woewe; | wowgey | wooeye; | wnweg umsag
- -1 it oz|+€  eT|w ST|+1 sT|+z 61|+ vz |+  zz|w  zz|+w  zz|+« 61|+ 1|+ st|+w  erf+e 11|+ e0|+T  C0
ortozzz | use60z | vzsesor | Lgos6soz | zi0z €E9EVOZ | 6500 | ¥599696T |  0G6L w6l Z06T 107981 8E8T | 6IW6OST | 6VBLT | SSO6SET | fzerer | evsoszel | Q
98 U] | SSIVv8Ood| €819 (¢S qd | 18 LL |08 Q: 6LNY | SLYd | LLA] (9L SQ|(SLIY|VYLM |ELeL |CLJH | LS eT |95 kg |SsS S)
uouay auipo| ununja) | Auownuy u gy wnnwpey Jan wnpged | wopoyy | wowepny | wnnewjoe; | wowepnkowy | wmgony | weweowz | wmany | wonueng | wmpgny
- -1 sz|+v  Tz]eve  er|w  sT|ee  LT|er LT|4T 61|+t zz|+e  zz |+ zz|+ 6|+ ST+ 9T|+r  vIf+e  €T|+z  o1|+T g0
6z1el | Lwvos9zt | o9zt J2 414} 1Z811 81l TIPZIT | 289801 | zv90T | SS06201 | £STOT £906%6 656 8€90626 | bzzl6 | 5950688 2918 sorss | G
vGax | €51 [esaL]lisqs|osus |6y u sy p) | Ly By 9% pd| Sy Yl | ¥y nY | €7 O] (Zv OW|TIY QN | O 1Z | 6E A | SE IS | LE QY
voydkay | owwoug | wowees | oweswy | wmuewsen | wmyen gz Jaddog 1BYaN 1e0g 10y ssouefiuey | wmwosyy | wnpeves | wnwey; | wmpiesg | umoeg | wmsselnd
- e gz|+v  vz|eve oZ]w  9T|+e  oT|+z  9T|wz  61|+z  s1|+z 8T+  8U|+z  SI|+€  9T|+¢ 91|+ srf+e  €r|+z  o1|+T g0
05€8 066L 968L 651Z6¥L 92 £2L69 6£59 9Y5E9 vEGISS | 7E€6%S 1¥856 | S0SEGVS | T1966TS | SIv60S $8Lv | OT6SS6YY |  sLoOY 9606¢ | I
9e )] |SEIG | YE IS |EESY|CEI) (IEDD |0EUZ |6Z M) | SCIN (LT 0D |9CI] |SCTUNW(VYZID| €A | T |1ZOS (02 e)| 6T N
oy aukoy) anyng | snaoydsoyq |  uoams Y wmseuleyy |  wnpog
- Sl oelw stfss tz|w stfee st Gl dl (___>|\ din  diA 49A dNl dlll [« zi|s 6o
S¥66€ Lzsvse 9907€ | Z9L€L60F | SS808T | 6ESIS69T U Ml o [ ) / 9 q ¥ ) 0s0evZ | 8968622 | €
STIY | LID | 91S | ST1d |VIIS| €TV IO 1T BN
uoaN auLony uelikxg uelioayy | uogee usdog wngkieg | wnign
- -1 ov|z  se|-€+e  og|vwr  sz|+ oz 2 ST+ 0T
L6L10C | Z€0¥8668T | ¥666ST | ¥I900%L | TT0ZI 11801 aw_mz 812106 69 l
OIION| 64 g0 LN 9) sd ,_a_ﬁ_____h“____u_.____«ﬁ__ﬂ/ uefiodpky ¥ag | €N
wnjay [+1 _TZr—RyAnelisuonosy uafiodpiy
- - VIIA VIA VYA VA Vil SSEU Jjuoje \&Sﬁ VIl |« 1z
2092007 i} a al /! 8l ane(ay] \H I/ A ¥6L00T T
C9H Jaqun u__ﬁ_z _M,__;m LH
VIIIA VI
8l |







