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Enthalpy |: Bond Enthalpy and Heats of Reaction

The atomic radii of hydrogen and chlorine are r(H) = 38 pm and r(Cl) = 99 pm. The energy vs bond length
plots below are for, in no particular order, H, Cl,, HCL.
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1. In the space labeled ‘Molecule’ above each plot, indicate the molecule to which each plot
corresponds (you should use H,, Cl,, HCl one time each).
2. Fill in the following table of (approximate) equilibrium bond lengths and enthalpies.
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Bond H-H et H-Cl
Eq. Bond Length (pm) 7, L{’ / \ q (1 } 2 ?—

Bond Enthalpy (k)/mol) ( 43¢ k £ 0w / $ 34
S S

3. Circle (C__—> ) the weakest bond and box ((—__] ) the strongest bond in the table above.

4. Write a balanced chemical equation for the formation of HCl from H, and Cl, in the space below:

Hy 4+ Cly - 2 HC)

5. Fill in the following table based on your table in question 2 and your balanced chemical equation
from question 3:

Bond H-H Cl-Cl H-Cl
Products or Reactants? 4 eactants cho"‘&v\'\% Products
Broken or Formed? @ro Wen %f‘o ken Fb r W\Q/A
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Energy Released or
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6. What is meant by the ‘heat of reaction’? What symbol do chemists use for heat of reaction?
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7. Write a general equation for calculating the heat of reaction from the bond enthalpies of reactants
and products in the reaction.

Abegs = T 5H (bonds broken) = Z8H(bowds Formied)

8. Calculate the enthalpy (heat) of reaction for the formation of hydrochloric acid from hydrogen gas
and chlorine gas.

Dl o S oM (bos bk} = 5 5Hlbods ormed)
- [,’L (#34) Wlmo| + 2(243) KT ] -'[Z (#32) “j/wlj
 [436 5t + 243 47} = [564 KTl

Oltn = = 185 K3 Jimol

9. Is the formation of hydrochloric acid exothermic or endothermic? How do you know?

Exothermic , shee Aern 210

10. How much energy is released if 9 g of hydrogen gas react with 70 g of chlorine gas to form
hydrochloric acid?
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11. Using the following bond enthalpies (in kJ/mol)

H(C-C) = 347 H(C=C) = 620 H(C=C) = 812 H(0-0) = 142 H(0=0) = 499
H(H-H) = 436 H(C-H) = 414 H(C-0) = 351 H(C=0) = 745 H(H-0) = 460

calculate the reaction enthalpy of: 2C,He(g) + 70,(8) > 4COy(g) + 6H,0(g)
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A#fx'y' = ZO H[Ba,,)g Brvke»\) e jéf’f (Gﬁw)s Formed)
= [BoHC-#)+ 18H (-0 +FaH(o=0y) — [g4H (¢=0) + 1244 (0-H)]

= 1z (414) + 2 (349 + F(494)] ~[€(7%3) 12 (460)]
bW = = 2,325 1T /ol



