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1. (10 points) A 1.00-g sample of a gaseous compound of boron and hydrogen occupies 0.820 L at 1.00
atm and 3°C. What is the molecular formuta for the compound?

2. (20 points total) Calculate the pH when 100.0 mL of a 1.00 M solution of HaA (K, = 1.0 X 10, K,,=1.0
x 1078) is titrated with the following volumes of 1.00 M NaOH.

(A) (5 points) Calculate the initial pH of the solution.
(B) (5 points) Calculate the pH of the resulting solution after 75.0 mL of 1.00 M NaOH has been added.

(C) (5points) Calculate the pH of the resulting solution after 100.0 mL of 1.00 M NaOH has been added.
(D) (5 points) Calculate the [H*] of the resulting solution after 200.0 mL of 1.00 M NaOH has been added.

3. (10 points total) Give a short answer for the following questions:

(A) (2 points)Whatis the maximum number of electrons per orbital?

(B) (2 points) The five 4d orbitals can coltectively hold how many electrons?

(C) (2points) Each electron in the 8s orbital would have what four quantum numbers?
(D) (2 points) How many corresponding orbitals are there for 1=27?

(E) (2 points) Whatis the lowest energy “f” orbital?

4. (15 points) Construct the molecular orbital diagram of O, and fill in the electrons. Can it describe the
paramagnetism of 0,? Explain.

5. (16 points total) Atroom temperature, Fe crystallizes in a body centered cubic structure. The radius of
an iron atom is 124 pm.

(A) (3 points) How many Fe atoms are there in a unit cell? Show your work.

(B) (4 points) Whatis the volume of a unit cell in cm®? :

(C) (4 points) What is the mass of a unit cell in grams?

(D) (5 points) Calculate the density of Fe in g/cm®.

6. (15 points total) Ethylene glycol (CoHeO2) is added to 15.0 L water to produce an antifreeze solution that
has a freezing point of =30 °C.

(A) (5 points) Calculate the molality of ethylene glycol of this solution.

(B) (5 points) Calculate the volume of ethylene glycolin L needed to produce such solution.

(C) (5 points) What is the boiling point of this solution?

7. (14 points total) Consider two coordination compounds: Nas[CoF] and [Co(NH3)s]Cls, one of them s

high-spin and the other one is low-spin:

(A) (4 points) Give the name for both compounds.
(B) (6 points) Draw the crystal field splitting diagrams for both compounds and fill in the electrons into the

diagram. Which one is high-spin, and which one is low-spin? Are they paramagnetic or diamagnetic?
(C) (4 points) One of the compounds is green color and the other one is orange color. Which one is most
likely to be green? Which one is most likely to be orange? Briefly explain your choice.
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Conversions:

V2=1.414, \3=1.732,/5=2.236,/7=2.646
log 2 =0.301, log3=0.477, log5=0.699, log7=0.845
Constants:

R =8.3145J/molK

R =0.08206 L atm/ molK
K,=1.0x 10 at 25°C
Cp(HzO([)) =4.184 J/g °C

F=96,485C/mole”

c=2.9979x%x102m/s
Ko(H20) = 1.86 °C kg/mol
Co(H20g) =2.08 Jig°C

Equations:

K, = K(RT)2" K., = [H*][OH] pH + pOH = 14.00 pH = —log[H"]
. _hed h2- . K, *pKy

aX2+bX+C=O, x:..%:‘ir: [H ] =p__12_p_2.

ATy = iKom AT = —-iKim

4R
side=2R, side=—, side = V8R

V3
Spectrochemical series:
CN-> NO,">en > NH3>H,0>O0H > F>Cl >Br >

K{(H20) = 0.51 °C kg/mol

1 atm = 760 Torr = 760 mmHg = 101,325 Pa, 1gal=3.785L, 2.54cm=1.00in,1cm3=1mL
101.325) =1L atm, 1lb=453.6 g, 1 cal =4.184), 10°A=1m=10"2pm=100cm

- (8]
pH=pK_+log Al

1
H He
1.008 4.003
3 a4 5 6 7 8 9 10
Li Be B o N (o] F Ne
65.94 9.012 10.81 | 12.01 | 14.01 | 16.00 | 19.00 | 20.18
11 12 13 14 15 16 17 18
Na Mg Al Si P S a Ar
22.99 | 24.31 26.98 | 28.09 | 30.97 | 32.06 | 35.45 | 39.95
19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36
K Ca Sc Ti Vv Cr Mn Fe Co Ni Cu In. | Ga Ge As Se Br Kr
39.10 | 40.08 | 44.96 | 47.87 | 50.94 | 52.00 54.94 | 55.85 | 58.93 | 58.69 | 63.55 | 65.38 | 69.72 | 72.63 74.92 | 78.97 | 79.80 | 83.80
37 38 39 40 41 42 43 a4 45 46 47 48 49 50 51 52 S3 54
Rb Sr Y Zr Nb Mo Tc Ru Rh Pd Ag cd In Sn Sbh Te I Xe
g5.47 | 8762 | 8891 | 91.22 | 92.91 | 95.95 (98) 1011 | 102.9 | 106.4 | 107.9 | 1124 | 114.8 | 118.7 121.8 | 1276 | 126.9 | 1313
55 56 72 73 74 75 76 77 78 79 80 81 82 83 84 85 86
Cs Ba |S57/71| Hf Ta w Re Os Ir Pt Au Hg T Pb Bi Po At Rn
132.9 | 137.3 1785 | 1809 | 183.8 | 186.2 | 190.2 | 192.2 195.1 | 197.0 | 2006 | 204.4 | 207.2 | 209.0 | (209) (210) | (222)
87 88 104 105 106 107 108 109 110 111 112 113 114 115 116 117 118
Fr Ra |89/103| Rf Db Sg Bh Hs Mt Ds Rg Cn Nh Fl Mc Lv Ts Og
(223) | (226) (267) | (268) | (271) | (272) | (270) | (276) | (281) | (280) (285) | (284) | (289) | (288) | (293) | (294) ] (294)
57 58 59 60 61 62 63 64 65 66 67 68 69 70 71
La Ce Pr Nd Pm Sm Eu Gd Tb Dy Ho Er Tm Yb Lu
1389 | 140.1 | 1409 | 144.2 | (145) | 150.4 1520 | 157.2 | 158.9 | 162.5 | 164.9 | 167.2 | 168.9 173.0 | 175.0
89 90 91 92 93 94 95 96 97 98 99 100 101 102 103
Ac Th Pa U Np Pu Am Cm Bk cf Es Fm md No Lr
1227) | 232.0 | 231.0 | 238.0 | (237) | (244) | (243) | (247) | (247) (251) | (252) | (257) | (258) | (259) ] {262}




