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Note: Write your name on each page and work out all the numerical problems to the
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Useful Data: I m=10° cm=10° nm=10" pm

The Avogadro number is 6.022x10”

Gas constant, R = 0.0821 L atm/mol K

Speed of electromagnetic radiation = 2. 998x10° m/s
Planck’s constant = 6.626x107* J s

1. Cortisone (a hormone composed of carbon, hydrogen, and oxygen) is found to be

70.00% C, 7.83% H, and 22.17% O by mass. The molar masses of carbon, hydrogen,

and oxygen are 12.01 g/mol, 1.008 g/mol, and 16.00 g/mol, respectively. D '
(4) a. Determine the empirical formula of the hormone.@ ) C.?i H,ZS’ ‘5
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(3) b. The molar mass of the hormone is 360.5 g/mol. Determine the molecular

formula of the hormone.
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(3) 2. Calculate the molarity of a phosphoric acid solution if 36.25 mL of 0.1256 M
sodium hydroxide neutralizes a 50.00-mL sample of the acid. The equation for
the reaction of phosphoric acid and sodium hydroxide is

H;PO4(aq) + 3NaOH(aq) —— > NasPO4(aq) + 3H,0()
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4) 3. A 2.55x10°-mL sample of butane gas at 150°C and 1665 torr is burned with an

excess of oxygen:

2C4H;o(g) + 130,(g) ———> 8COy(g) + 10H0(g)

Calculate the pressure of carbon dioxide in torr if the reaction products were

collected in a 4000.0-L vessel at 15°C.
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5. Combustion of trinitrotoluene (TNT) produces nitrogen, carbon dioxide, and water
vapor:
4C7HsN;06(g) + 210,(g) —— > 6Na(g) +28CO2(g) + 10H,0(g)
AH® = -1.32x10* kJ
(3) a. During the constant pressure combustion of 4 moles of TNT, 1.4x10° kJ of
work is done by the reacting system on its surroundings. What is the value (be

sure to include sign) of q, w, and AE for the reaction?
W=} 4xio T AE= </ 46x10% T
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(4) b. How many moles of CO; are produced during the reaction that occurs when
600.0 g of TNT is mixed with 550.0 g of O,? The molar masses of TNT and
Q, are 227.1.3 g/mol and 32.00 g/mol, respectively. )5?
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(3) c. The above reaction in Part b produced 320.0 g of CO,. Calculate the percent
yield of CO;. The molar mass of CO, is 44.01 g/mol.
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(3) d. How many kilojoules of heat will be released during ge reaction in Part b?
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Question 5 Continued

(3) e. The molar enthalpies of formation of COx(g) and H,O(g) are —393.5 kJ/mol and

—241.8 kJ/mol, respectively. Calculate the molar enthalpy of formation of TNT

in kJ/mol. AH = @ﬁ"’/ Mo + g - [ "W + nv/ﬁ’ )
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6. (2) a. Is the wavelength of the photon absorbed by the transition of a hydrogen

‘)
electron from n =1 to n = 3 longer than, shorter than, or equal to the

.&eq&eaey-of the photon absorbed by the transition n =3 ton=5?
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(2) b. Write the abbreviated ground-state electron configuration of astatine

(atomic number 85).

(e Jes? ufed by

(2) c. Is the cadmium(Il) ion, Cd**, paramagnetic or is it diamagnetic? (The atomic
number of cadmium is 48) v//{.\'a\ Mﬁ%nﬂ:ﬁo

(2) d. Circle the electron that is least tightly bound to its nucleus:
3s electron of chlorine

3d electron of' chlonne ~

3s electron of brormne

(2) e. Circle the species with the largest ionic radius: N \ g%

(2) f. Circle the species with the largest ionization energy: M?\) Sr Cs

(2) g. Circle the most electronegative element: Se @ Bi

(2) h. Circle the element with the most metallic character: Al Cl {/ilﬂa‘\\
N



7. Urea, CO(NHa,),, is used as a fertilizer and is made by the reaction of carbon dioxide

and ammonia:
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AH® =37 kJ/mol

(3) a. Given the following information:

Bond Bond Energy (kJ/mol)
C=0 802
N—H 391
O—H 463

Calculate the C—N bond energy in kJ/mol.
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(2) b. Would you expect your answer from Part a to be greater than, smaller than, or

equal to the C=N bond energy? _ Sy o f Ao

(4) c. Calculate the total volume of CO; and NHj at 200.0 atm and 450°C that is

needed to produce 2.50x10° g of urea. The molar mass of urea is 60.06 g/mol.
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8. (3) a. Draw the Lewis structure for SO,Cl, that satisfies the octet rule. Make sure to
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(3) b. Write the resonance structure of SO,Cl; that has zero formal charge on each
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(4) c. Indicate the geometry (linear, trigonal planar, tetrahedral, etc.) and the

approximate bond angle in the following molecule:

Geometry Approximate bond angle
SnCl, Yo 2120°

9. Bra(l) undergoes both oxidation and reduction to form BrO; (aq) and Br(aq) in an

acidic medium:
Bra(1) 5 BrO;(aq) + Br(ag) (incomplete and unbalanced)

(3) a. What is the oxidation number of bromine in

Bry? ____O 0 +¢
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b. Use the method of half-reactions to find the oxidation and reduction half-

reactions and the net ionic equation.
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10. The following data are given for the element chromium:
%10
Molar mass = 51.996 g/mol 5L 9 4446 03 Ko & & b 9/
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Mass of the unit cell = 1.727x107" g L oo™

Volume of the unit cell = 2.400x10’ D AR WA /
olume of the unit cell = X pm r_,___,‘_,—f—f’ Iy
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(3) a. Calculate the number of atoms present m one unit cell and identify the type of

cubic lattice formed by chromium.
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(3) b. Calculate the density of chromium in g/cm3.
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(4) c. Calculate the volume of a chromium atom in cubic picometers.

>

- 2
[ it @A E"‘ ﬂf—r': @ = = %qu;c" p~m3
o = 2884 PM

. &
= E 3 '_\{-_S..E;Z-Y ?
4 g 4 " - |24

Vv =€ .
O %—T{/ .._%Ln (?—Lf"i}

=27 =g lézx*oé'fzrmg

i\ ‘%IV’\-T



11. (2) a. What is the formula of iron(II) phosphate? E’}(F)O v )1,
(2) b. What is the name of P4S;? , = e

¥
X

: Cebnphospherus
(4) c. Write a balanced equation for each of the following reactions. Note: It is not MM’F‘OCL
necessary to indicate the physical state of each substance.

1. Chlorine with water.

+ e . M
Cl, r o == HY « L7+ O

& Hel
II. Nitrogen with hydrogen.

3y + 3Ha —w2NH

Professors Lazaridis and Radel’s students should do question 12 and professor

Simms’s students should do question 13

(4) 12. Consider the substances H,0, CO,, and SO,.
Which substance has the highest boiling point? ,f(q, &
Which substance has the lowest boiling point? C_ S

T
(4) 13. Consider the ionic compounds RbBr; CaClp, ancf__‘S_rQ-iz,
Which compound has the highest lattice energy? Ca sz
Which compound has the lowest lattice energy? ‘EL gg



