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Standard Enthalpies of Formation of Magnesium Acetates

Shigeo Murata*, Minoru Sakiyama* and Sylz6 Seki*

The enthalpies of reaction of Mg(CH;COO),(c, &), Mg(CH; COO), (amorph) and Mg(CH;COO),-4H,0(c)
with 1 mol dm~* HCl were measured by an LKB-8700 reaction calorimeter. The following standard enthalpies

of formation at 298.15 K were determined:
AHH{Mg(CH;CO0),, (¢, &) =—(1367.70 £ 0.60),

A H{Mg(CH;COO0),, amorph) = —(1359.77 £ 0.63),

A H{(Mg(CH;C00),-4H,0, ¢) = -(2566.13 £ 0.63) kJ mol~!
The enthalpy changes for the following processes have been calculated:
Mg(CH;COOQ), (c) + 4H,0(g) ——— -~ Mg(CH;C00),-4H, O(c)
Ay = (2384 £0.2) kI mol™’,

Mg(CH;COO0),(amorph) ——— Mg(CH;COO0), (¢}

Al gy = —(7.93 £0.16) kJ mol™!
Homolytic and heterolytic lattice enthalpy of Mg(CH,CO0),(c) were calculated to be 1148 and 2685

kJ mol™!, respectively.
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Calorimetric results for the dissolution of tristhydroxymethyl)

aminomethane (THAM) in aqueous hydrochloric acid (¢ (HCD

=0.1 moldm~?)

The concentration of THAM in the final solution is 5 gdm™?

m THAM : Al

@ —AH

- _€xp ‘msoln
mg mK JK™! J k] mol™!
50107 281.78 43631 122943 29722
19882 28155 435.04 122486 29745
526.75 282.00 45875 129.368 29.750
536.56 28471 463.01 131.823 29.761
524.67 281.89 456.65 128725 28.720

AH = —(29.740 % 0.005) kI mol~
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Table 2 Calorimetric results for the dissolution of magnesium acetate
(c,&) in aqueous hydrochloric acid

WM(OAS)) Al e G oah
mg mK JK™ J kJ mol™
161.63 217.81 366.44 79814 70315
200.18 217.78 45342 98.746 70.236
195.03 218.06 441.22 96.212 70.243
186.58 217.15 422.99 91.852 70.098
208.16 217.91 471.49 10274 70.280

A H3=—(70.234 £0.021) kI mol~!

Table 3 Calorimetric results for the dissolution of nearly anhydrous and nearly
amorphous magnesium acetate in aqueous hydrochloric acid

P Mg(OAC s tHi0)  mH0) e <o G Ay
mg mol mK JK™ ] kJ mol™'
192.79 0.10 235.63 434.96 102.49¢ 76.656
193.41 0.12 23271 437.91 101.906 76.165
198.29 0.12 233.12 448.75 10461, 76.264
191.37 0.12 232.67 433.63 100.89; 76.212
184.96 0.12 232.77 419.08 97.749 76.240
202.39 0.12 233.04 458.04 10674, 76.240
193.85 0.12 23347 438.62 1024056 76.364
194.28 0.20 227.70 438.29 99.799 74996
209.19 1.03 187.71 42950 80621 52.030
197.53 1.03 187.82 405.80 76217 62.102
190.83 1.11 184.27 384.16 70.789 60.240

Table 4 Calorimetric results for the dissolution of crystalline hydrated magnesium acetate
Mg(CH;CO0O0), -nH,0 with n nearly equal to four in aqueous hydrochloric acid

,ﬂ&MﬁE’f(OAC ). nH 29\ éz‘fﬂ e g_e,& ,,:i%,@lL
mg mK JK™ J kJ mot™
n==3.943 mol
27693 49.695 417.90 20.768 16.005
275.47 49.586 41640 20.648 15.997
276.65 49.758 416.38 20.718 15.983
n==3.930 mol
285.00 50.693 430.50 21.823 16.325
282.37 49.893 427.91 21.350 16.120
286.49 50.246 433.04 21.758 16.192
n=3.903mol
276.31 51.856 41892 21.724 16.723
289.62 51.332 440.06 22589 16.590
n=3.818mol
28563 56.370 435.88 24.581 18.166
279.65 54723 43052 23569 17.791
n=3.753mol
278.43 58.220 42947 25.004 18.859
280.29 59.059 43091 25.449 19.068
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magnesium acetate Mg(CH;C0OO),-nH,0 with
n nearly equal to four in aqueous hydrochloric
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Table 5 Calorimetric results for the dissolution of acetic acid in
magnesium chloride -- hydrochloric acid solution
m CH,COOH) AT <& @ exp —AH,
mg mK K ] kJmol™!
158.1 18.12 423.7 7.677 2916
160.3 18.60 429.7 7.992 2.995
162.0 18.35 430.4 7.898 2923
157.5 1847 419.2 7.743 2951
166.2 18.46 444.9 8213 2967
AH; =--(2.950 % 0.008) kJ mol!
Table 6 Summary of calorimetric results for magnesium acetates

Uncertainties are twice th

e standard deviation of the mean

Compound Mg(OAc):ic, @2 Mg{OAc),{amorph) Mg{OAc),- 4H,0(c)
AH, k] mol™! 1.73+0.07 1.73+0.07 1.73+£0.07
All, /kJ mol™! 0 0 0
AH, / k] mol™} —70.23+0.04 = 78.16+0.16 —15.12+0.14

—AH{ /k Jmol™! 0 0 0.00

- AN /kJmol™! 152.97x+0.07 15297+ 0.07 15297+ 0.07

~AH; /K] mol™! 2.95+0.02 295+0.02 295+0.02
AH"/kJmol™! 92.10+0.11 84.17+0.20 147.21x0.19

SH /% Jmol™' —1367.70+ 060

1359.77+0.63 —2566.13+063

Mg(CH,;C00),.c:+4H,0(g’) - ——
Mg(CH,CO0O;,-4H.O{c:
BTz v 2 e—-BLTH D, BERE < 7 4o 7 APy
KA SRRV T, Ky T _TMg™ 1 7 vIZf
IR E LT D Z DY, XEERESREYIC LY
MOMIENTWLOT, Lad O KM= v 2 v & — %
Mg "1 # ¥ ~D 4mol D K55 - DS 5 DER & PER 5 K
Flz— v 2L e—~Th5b,
Table 72 DS BOBEEE OKM=x v 2 v —¢
SCHRAT> P30 LT Th B, K5 F L mol
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Table 7 Enthalpies of hydration of metal acetates.
A‘lhyd-
The enthalpies refer to the equation:
M(CH;COO), (¢) + nH,0(g) ——
M(CH;COQO),,, - nH,0(c).
where M is metal
Metal n(H,0) Ay — Ay,
mol kJ mol™ kJ mol™
Mg 4 238 60
Ca 1 50 50
Sr 0.5 24 13
Ba 3 156 52
Cu 1 53 53
Zn 2 107 54
Mn 4 225 56
Pb 3 159 53
Na 3 165 55
70K VITHEMEE & » T B,
43 BFTUILE-
Fig.4 ®Born-Harber %4 7 L T &N 5 (het -

erolytic ) iF = v &, ¥~ AH ;| 8 XU homolytictk
F=vaae— AH B~ 7 30y AREGICH LT
HELmLZA, AH  =2685k]mol™, AHx=1148
k] mol™ %87z, (WL d 298.15K O, Bl FRiEE)

L

Mo

-1
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03 5 AL (CH,CO0 ™, g O ffiiE Yamdanis ¥
i 1 D(CH,CO0—H ~£,(CH,CO0-»=133k]Jmol™
FMOTHO L HCHY Lz, 22 TH(CH,CO00 H
L E,(CH,COO- /iF, #RFNKOIILOBHEIL =~
arE—k LTEHREND
CH,COOH(g)— =CH,CO0- g +Hl{g: 7
CH,CO0-(g)+e ——=CH,CO0 ‘ g 8
THIESE, (7)), (8ICH EN A A ORI
= vane—FHWT, DCH,COO—H’ & £, CH,COO-
DPIFEAIZRA LTEET D
AH;(CH,CO0™, g)=AaH {CH,COOH, g

J

—AH(H, g:—133k] mol™ (9
E#D . AH(CH,COO, gi=—517k] mol™ &7,

5, 6), 14)
,

£ 7-NBS Technical Note 270-—-3.4.6
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ﬁﬂa4fVﬁA&LT@%&x?w%~ﬁkmk%ﬂ
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k] mol™ ¥ AH,(Mg®*, g)=234848k] mol™ ¥, aH, OWTH 2R SOMIITE—FT 275, Bofmie
(CH,CO0, g)==(207.5+Dk] mol™' B LR 2D R abbEAMOT TR ENHD L EL SN HHMTL,
e+ nCH,C00™ (g)
o 5n
z I,+ (=BT - nE,
i=1
—=>M (g) + nCH,CO0" (g)
BH L
Y-S 8 (CH,CO0" ,q)
M {s)+2nC (s8) + ——3—211—}12 (g) +no0, (g)\ :standard states
LY. 8# 2 (M(CH,C00) , c)
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Fig. 4 Born-Harber cycle to calculate (heterolytic) lattice enthaipy

Alf; and homolytic |

attice enthalpy Aff x for crystalline

metal acetate M(CH,COO),

A g is the sublimatior
/i. the i-th tonization po
I, . the electron affinity

Sn
{

~

YRT terms are used

n enthalpy of the metal:
tential of the metal atom:
of acctoxyl radical given in the text:

for correcting to T K
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Table 8 Lattice enthalpies of metal acetates
Metal AJ’/,_I_l AH“(CZiLc) AHLljl
kJ mol k] mol kJ mol
Al 5793 5573 1706
Be 3255 2985 1246
Mg 2685 2642 118
Ca 2375 2367 1289
Sr 2247 2247 1282
Ba 2114 2119 12.46
Cullly 2917 2588 863
Zn 2832 2570 842
Hg (1 2673 2288 510
Mn(l) 2637 2519 10359
Co(ll) 2780 2588 981
Ni (I 2863 2615 980
Pb(Il) 2307 2194 794
Na 806 795 635
K 725 711 631
Ag(l: 903 795 300
T} 791 668 526

PRORERBECEET D, BEEA 4 v OBR S A1
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—UZBREMIIRD D HEE LTAEFREHEA TV 2D
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r.+ T rotr. 7
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SETAA Y OBEEIBEHYREDS D, vidA 4 v
B, Z, Z 32z nB1 4 v, BAA4 vOEHKT
H D, Table 8 ITIKFAELHMOILAHIZO>NT, (het-
erolytic ) ¥ = # A v AH, | %, Kapustinskii ®
FETHE LR R LTS,

ZOFTE it Born-Harber % 14 27 4 TR b 7= fEfig ~
bw vy AO f = F 0F — i Kapustinskii O AU
LD ABEMENE LD CH,COO™ M A vl ik
r.=170 pm & K &M A 4 VLED THH™ &gtz
Kapustinskii D&UZRA LT L, AH  calc &
Bir, BERONBIONNTAN VGBI T A 5 Y
+H¥EEE L Born-Harber %1 7 0 L D8 L7~
A ATV, BOGBOMEED AH, iFAE <, T
MABHEEDORENT LER LTS, ¢E—-BESLAL
EHTDEEALNBLADOR F= v 2rc—ilon
TOFM BRIFRICESD,

10
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