HOW HOt cal‘l it GEt (Thermo Review)

| can...
D distinguish the difference between heat (q) and temperature (T).

D describe the law of conservation of energy
e Identify different forms of heat transfers

D define energy with appropriate units.
s Identify different forms of energy

D define the universe in terms of the system and the surroundings

D describe and label the direction of heat fiow in relation to the system using correct terminology and
signage.
¢ define exothermic and endothermic and assign correct signs.

D define specific heat {c) with appropriate units.
D calculate the amount of heat within a system when a temperature change is present {g=mcAT).
D calculate the amount of heat required to change the phase of a substance.

D calculate the amount of heat transferred from one system to another and other related problems {ex.
Calculate the final temperature).

D define enthalpy (8H) and the units of enthalpy.

I:I define enthalpy of formation.

D calculate the enthalpy of reaction using enthalpy of formations.

D identify on a heating curve or cooling curve where a phase change is occurring.

D calculate the amount of energy required to heat a substance from Ti to Ty, (don’t forget the phase
changes).

D describe how the heat of a reaction changes as the reaction is manipulated (if the reaction is doubled the
heat doubles)

D describe Hess's Law

| [calculate the heat of a reaction using Hess's Iavw.
. .




1.When solid barium hydroxide octahydrate is mixed with solid ammonium chloride in a glass flask, the
flask gets cold.

a) Is the reaction absorbing or releasing heat? ~ NOStrbiing huod

b) Is the reaction endothermic or exothermic? endother iC (q,n(n = + leblc)
¢} Why does the flask get cold?

The veaction (= systemd) absabs heat fem the sunsundings
(= the Flask), Swew yow art n cmtact with A sunaundings,
Yo el o dYDP T4 -bmpcr‘a’fufe, os e hat is lost ’]b"ﬂ»w.;m

2.How much heat is released when 620 g of iron drops in temperature

Specific
from 80.6°C to 46.2°C? : heatq
- Substa lig
Are ~ mC Th U T A:‘ = 3900
= by - 0.44% Vg * (46-2°C = 80.6°C) | au 029
C (graphite} 0.720
P € (diamond) 0.502
= 4.5 x10° T cu 0.385
Fe 0.444
Hg 0.139
H;0p 4.184
3. 1f 7270 J were added to 142 g of ethanol, how much would its H20¢) 2.108
temperature increase?  (Solve fov 2T H:0) 1.996
AT = A, etraris| _ A0 T C;HsOH (ethanol)  2.46
N ) Huy Of water = 333.4 J/g
Lm - Cetvaneld T2 g+ 246 /3.%] R,

AT =la0.3°¢

4.15 pieces of lead shot, each weighing 3.00 g, are placed in 40.0 g of water at room temperature

c =0.127F {(22.1°C). How much heat will it take to raise the temperature of the lead and water to 65.8°C?
o Mpp = 15 pes x 3.00g o = 45.0 T = 5.9 —22.1°C
oo ’ J = 43.7F°C
Mhz = 40.09

Aretal = 9o + Ao = [me‘ Cpp- 45-"“0]*[’“%1@ "C**aO“L"?L?o‘“]
= [45.09 - 013% Ty - 437 [t [ 40.09-4 10440013

= 356 x10*T o bd J
5.What mass of 58.0°C iron must be added to 342 g of 23°C ethano! to make the finaltempeérature of

both come out to be 40.0°C? “"Qre = 9ethano )

~ [Mpe + Cre - (40.6°C ~58.0°C)] = [Metanct *C ethanel * (40 0C-23%)
~[mee - 0444 /g.0c - (-18.0°CY] = [342 g - 240 T/g.% - (17 ey

[3429- @46 7/a-2c -(1F°0) ]

— [ 0.4947/g.0c « (18.0°00]

6.120.0 g of water at 20.0°C is mixed with 200.0 grams of aluminum at 50.0°C. What will the final
temperature of both come out to be?

~“q A= G Ha0 S
"[&00.06 - 0.900 7/g-c - (T¥ "50.0"6)] = [ 130.0g -4.1%4" /g2 ~(T =200
—180 %, (TF =50.0°C) = D03.0% Tfoc = TE —30.0°C)

—l%o 4000 = 503.00 Tg — 10041.0
80Tk T_6aa me Te = — 1004 b . e = a%+4°¢ |

Mpe =

= BXlosﬂ or 18003 l




7.List the endothermic phase changes: — Melhﬁﬁ

- Vapavizwig

8.Llist the exothermic phase changes: — ‘ﬁ'CCZJV‘la
~ condensing
9,During a phase change why does the
temperature not increase?
Average kinche aneray s undnangd.
Only potential encryy changes dunng 1@
phase changes-

10. Between what two points does melting
{fusion) occur for this substance?

Between pis Band C .

Heating Curve for water

TEmperatuse { C)
g
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11. Between what two points is this A
substance in liquid phase?

Beteen pts Cond D.

Time {sec}

== Hzating Curve for water

12. Between what two points could the heat of vaporization for this substance measured?

Between pts D and E.
13. Between what two points is this substance in solid phase?
Between pts A and B.

(® betwes pts Eavar F

14. How much heat was required to heat 50 grams of water from A to E?

® between pis A and & botwean pts C oud D Asdeam = m'Csmn'é";
Qi = M- Cicw * 47T Qhiw = M- CHao ligr 27T . = 509 3,008, o+ 40"
= (509) - .04/, 20°C = 509 - 4194 Yg°c 100°C = 4%i0? T
= & . %10%7 =Q x10t7T ,
= i +
@ lehaeon pis Band ¢ ® uheon pie Dand 6 bti=%e™ 0 ™0
H Quet = M - Hvap B
Gonaly = ™+ Hfus =604 2356 /g
- 50g - 33.4 T/g 5 =|2x10°
4 = I%x16°J
= & xi0TJ
15. How much heat in joules does it take to vaporize 0.5000 L of H.0 at 100.°C (Duaer=1 g/ml)

= 500.04 - &6 J/q
=[1.1a% x lofD‘]




16. How much heat in kilojoules is released when 12.90 mL of H;0 freezes at 0°C?
A fecee = M+ HRs (o, will e =)
A et = 12909 - 23%.4F/9 = 4301 J = 4.301kT

ﬁ,—-—- — 4,30\ kT ]

17. How much total heat in joules is given off if 26.0 g of H:0 at 42.0°C is f_l_'_‘gzen intgrice, and then the
temperature of the ice is lowered to -6.00°C? ¥ '

Qpotal = "M -HRQ) + LW - Cice * (~6:00°C=0Y]
=~ (Re.04- 3334 J/9%) + [ato.ua-;).oqaj/sac - (~b.oo°c)]

“[—¢9aq x 10°® ‘JT

18, A sugar cookie has a total mass of 86.0 grams. In a constant volume (bomb) calorimetry experiment,

Ca% a 1.0 g sample of this cookie was burned in a steel bomb surrounded by 1000 g of water. The
o fz temperature of the water in contact with the burning cookie was measured and found to increase
= ‘j‘_ﬂi‘p_&!— from an initial temperature of 21.2°C to a final temperature of 25.7°C. Calculate the amount of

36 .0 9 calories (kcal) in the entire cookie. What is the caloric content in terms of Cal/g?

=[4 18 Gl o ~OQ.sample = G Hzo = [10009 -4.1‘&47/9-% «(33.°%C -—J.I.R"C)]

Auzo = A% 10%T 5 Geample = —3X 10T

Kaal n 1 cookie= Bp,0a | dx 0¥ T | lcal 1 Kkeal - [‘4 LxI0% kcmﬂ
—_ — 19, Calculate the heat:f Lr%igt%n%cf‘gﬁci)?e?ﬂ%q 71000 ca) ' 71 hema TAvlc
# Use Yowr % g AHe = —A802.0 lcU/
vef .table CsH1206(s) +3 02(g) = 6 CO2(g) +6 H:0 () mol

ale = —3803.0kT = Z HE poducks - ZHE reactants

—Q80%.6kT = [ mol(-3A3.5KT/mel) +omel (-395. D KJ] moly ] [ xQmoi)
x = HF of CoHalp = 1-—-—- | 3F2 kT /mol

20. Calculate the heat of formation for phospht;zic Acid.

b
HQ{;U.M‘ H:0 {l) + P20s(s) = HiPOs (aq) AH =1290.4 kJ
v AH = 1290.4 KT = 2 H% produds — £ H% reactaviis
Ny -3009 AT Imo)
alu;upf 290 4kT = [ x ]— [1mel(~a%5.2 ¥Tlmel) + I mel( AETjmoy) |
kJ/mo PR
%= Ho% ofF HaPos =|— A00%.3 k7T [mol \
21. Find the AH for the reaction below, given the following steps and subsequent AH values:
C:H2(g) +5/20:(g) = 2C0:(g) + H:0 (g}
need tv:
(1) CHe (g) > C2H: {g) + 2 Ha (g) AH =283.5 k)
(2} Halg) + % 02 (g) = H:0 (g) AH=-213.7 ki
13) 2€0, {g) + 3H:0 (g) <> CHs (g) +7/2 0z (g) AH = 849 kJ
flip (O CaMzw) + 22y = C2HG () al= —295.5kJ

ip, ! ; = + 2157 T X 2
Rlip, 12 (2 ZHI0G) o Dy + 0285 | 0= T2

5/202 =
fiip (30 CaMel tTjpbz7) —> 2C0agp F3HTG,, AH= —BHALT
CaHagy + %/2 D2gay = 2C0, o + Rabgy | AHvxn =-F05 KT \




22. Find the AH for the reaction below, given the following steps and subsequent AH values:

HC (g) + NaNO; (g) > HNOz (g) + NaCl (s)

2 NaCl {s) + Hz0 (1) 2 2 HCl {g)} + Na:0 (s) AH =507 kI
NO (g) + NO; (g) + NazO (s) = 2NaNO; {s) AH=-427 K
NO (g) + NO; (g) = N0 (g) + 02 (g) AH= -43 k!
2HNO; (1) > N0 (g) + 02 (g) + H20 () AH= 34 kI

23. Find the AH for the reaction below, given the following steps and subsequent AH values:

Zn (s) + 1/8 Sg (s) + 2 Oz (g) = ZnS04 (s)

Zn (s) + 1/8 Sz (s) = ZnS (s) AH=-183.92 kI
2ZnS{s)+3 02(g) = 2Zn0 (s) + 2 S0, (g) AH =-927.54 k)
250; {g) + 02 (g) > 250: {g) AH =-196.04 k)
ZnO (s) + SOs (g) = ZnSO4 {s) AH =-230.32 kJ

24. Calculate the AHgormation 2nd give the overall reaction of CS;{l) from its elements, given the steps
involved are as follows:

C{s)+02(g) > CO:2 (g) AH =-393.5 kJ
S (s)+ 02 (g} = SO: (g) AH =-296 kJ
CS2 (1) + 3 02 {g)} > CO: (g) + 2 50: (g) AH = -1072 kI

2)Flip, %2 ey tJaMagbsy = NoCliy + Yooty 4H= ~203kI
Rip 22 NaNozwy — YoNUiy, T LN, TNaT 6 aH = t 4—2}};3—/2_
G JaM6Ty t o Mb3Tn — fadetiay + Yo be s W= — H3KT),
Aip =2 Nl t'od7g tatiilin > HNOyyy — ah= —34K3),

HClen + NaN02 © — NaCle + HNOa(e) [4Hixn = — 8.5 k'J:l
505+ 2022 2 02
13) keep Znes + foSes — ZnSe AH= -2 92kT
T S + ety = It + 507 AN -2 5t 3
=2 SOa@) + o balyy — S50 AH= ~19b.04, KT

keep 2R + S031s 7 InSO4(q sl = ~330.3kT

n T ‘/eng + oalq;_p ZV\SOLHS) {Z—H = —NFe.03 T \



2. The ovevall wachon of CSam fom e elenunts is the process of
freahon- | aole o compaund i Rvmaed .

T Tvnmatim equodhodu is:

C(g) +2 S () 7 CSa ) C'l'argd‘ P_qua:ﬁm)
keep Cio + Lacpn — Coicm Al = -243.5k7
X2 R S T}*&ﬁfzﬁj S 2@ AR= -9bxa kJ
fip CBags +2Sbam — CSaq, t30a(, 2= 11032kJ

Cey ¥ A Sesv = CSaw al= [ BL.BKT




