(Lewis and Randall, 1961, p.137)

(Lewis and Randall, 1961, p.421)

Figure 15: The molar entropies S° at 25°C for liquid water (H»,0) and the main atmospheric gases (N, O,,
COy, Ar) published by |Lewis and Randall (1961). Top: the Table 12-8 of (p.187) for the molar entropy of liquid
water HyO (16.73 x 4.184 ~ 70.00 J K ! mol~'), together with the molar entropy for three of the main dry-air

atmospheric gases (Ny, Oy, CO,). Bottom: the Table 27-1 (p.421) for the molar entropy of the Argon noble
gaz (36.99 x 4.184 ~ 154.77 + 0.8 J K~ mol™1).




(Lewis and Randall, [1961] p.400)

TABLE X

Calculation of the Partial Molal Entropy of Sea Salt at 25°C

o (@
Species S
_P+_ 2
Na 60.2
Mg2+ -118.0
ca?t - 55.2
K" 102.5
sr2t - 39.3
(o3 55.2
S0, 2~ 1742
HCO3™ 95.0
Br~ 80.8
B(OH)3 ~ 50
€032~ - 53.1
B(OH),~ ~100
F~ - 9.6

(a) Based on §°(H+) = 0 and taken from Lewis and Randall
(1961). The values of B(OI{)3 and B('OH)‘.- have been
estimated by comparison with solutes of similar size

and charge.

(Millerd, 1983 p.35)

(Lewis and Randall, 1961} p.401)

ies at 25°C (298:16°K), computed relative to Sgy, = O in the
ion per kg of water.

Ion

R
cal deg?
mole™?

Al+++

Fet++
G‘H'}
Int+++

Gd+++
Utt+

Utt++
Put+++

- 749
- 1735
— 1701
—83
- 62
- 43
— 36
-39
— 78
— 87

Data from PowzLL, R. E. and LaTiver, W. M., J. chem. Phys., 19 (1951) 1139,
(Robinson and Stokes), [1970], 1955, p.67)

Figure 16: Top: The molar entropy S° and specific heat at constant pressure 6; listed in the Tables 25-7 of
[Lewis and Randall (1961, p.400-401) for most of the sea-salt anions and cations (at 298.15 K and relative to

§IC;+ = 0). Bottom-left: The same sea-salts entropies as in |Lewis and Randald (f]%‘ll, p-400-401), but used in
p.35) with 1 cal = 4.184 J; Bottom-right: wvalues of the “ Conventional Ionic Entropies” (at
298.16 K and relative to §13+ = 0) given in the Table 3.3 oflRobinson and Stokesl (1197@ 1955, p.67) and given
for most of the sea-salt ions (in particular Na©, K*, CI", Br~, Mgg+) from |Powell and Latimer (1951)).
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Figure 18: A study of the (std and abs) seawater entropies for 6 CTD profiles available: 1) for "CTD-1-arctic”
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Figure 19: The “bulk salinity parts” of the seawater entropies for the same vertical profiles shown in the Figs. @
computed by removing at each level the quantity 4217.4 x In[(t + 273.15) /273.15], namely ¢, In (T /Ty ).
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Figure 22: Entropies for dry-air (Ny, Oy, Ar, CO4 and water HyO) species plotted against the absolute tempera-
ture and computed at 1000 hPa. The calorimetric method (fOT ep(T) dIn(T") + 35 L(Tj)/Tj) corresponds to the
coloured solid lines. The third-law hypothesis is applied at 0 K with zero entropies for all the solid phases, but
with the residual entropy of 189 Jkg_1 K= for ice-Ih. The vertical jumps correspond to phase changes at T; with
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rotational, vibrational and electronic partition functions (Z).

88



Height (m)

[ T | T I T I T | T i [ T T | T T T T T T T T T I £ T T I T T T | ]
= 1 = Potential N
L - i L /, 4
| / DYCOMS-IT [ DYCOMS-II ( _
I (RFOI) 1 I temperatures ]
1000 — 1000 |~ (RFO]) —
800 _— —_ 800 I 0 —_
I 1 8 [ — “I(PCKI0) 1
i 1z [\ ¥ |- 0 ]
600 [~ — B 60| GH (B73) .
: : : - Ts(MII) :
400 _— —_ 400 _— 0 —_
i i i (e ) ''''' = Ts3(no-res.) i
i b i Vl— ee(PCKI 0) 1
200 - — 200 —
i 1 i i 1 1 | 1 1 1 | 1 1 1 1 1 | 1 1 1 | 1 1 1 1 g :| 1 1 | 1 1 I | 1 i
0 2 4 6 8 284 288 292 296 300 304 308 312
Specific contents (q/kg) (Potential) Temperatures (K)
(a) (b)

L T | T | T T T | T | T ]

1200 ) —

i D )E%A]/IS -1 / Moist-air 1

1000 - ( ) ) Entropies ]

I Srosi0) +6772.2 ]

800 — —

E 1

= [ ]

5 600 .

: T T St)'f].\‘.(M]7/)1(J-I'£‘A‘.)(9.\‘3) 4 :

400 — Subjx(Ml’f’)(eS) ]

[ S, ®)) ]

Bt | SI(PCKIO) — Streosiogn 07722 L(Pilélé); 683 N

- §+6776.3 |- - - S(TEOSI()/qt)+6772’2 N

I | | 1 | I | I | L | il ; | I i 1 | L i

6830 6840 6850 6860 6870 6880 6890 6900 6910
Entropies (J/K/kg)

()
Figure 23: A study of thermodynamic vertical profiles computed from observations collected during the DY COMS-

II (RF01) Stratocumulus (from the Figs. 1 of [Zhu et all, [2005, p.2742, see the dataset in the Table[10). (a):
for the specific water contents in g kg7' (q: = qu + qi, q» and 10 x q;); (b): for the absolute temperature in K

(T, in green), the dry-air potential temperature in K (6, in violet) and other moist-air potential temperatures in
K (absolute in red and orange, “liquid-water” in black, “equivalent” in blue); (c): for several moist-air entropies
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Figure 24: The Fig. 5 of |Marquet and Stevens (2022, p.1099). Vertical profiles of 0., 0, and 05 plotted for
half of the observed sounding of the first ASTEX Lagrangian experiment (with a shift of 2 K or 2 g/kg between
each profiles). Stratocumulus (Sc) profiles are colored blue, whereas cumulus (Cu) profiles are colored black.
Transition profiles between the two regimes are colored red, with the purple arrow indicating the deepening of the
PBL associated with the transition. The green arrows show the sign of the top-PBL jump for each variable and
for each regime: positive if tilted to the right, null if vertical, negative otherwise. The blue and red dashed boxes
have been added to highlight the isentropic regions where 05 (and not 6.) is constant despite the opposite vertical
gradients in 0; and q; which compensate with the special value of A\ given by the third law.
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a) Sea-Air Specific Humidity a) Sea-Air Entropy at 1013.25 hPa
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Fig. 3. Specific (a) and relative (b) humidity of sea air, i.e., Temperature 1 /°C
humid air in equilibrium with seawater, at sea level pressure,
P=.]Fl? 325 Ffa. as a function of temperature tcnf dFrfcrcr?l Qbso}utc Fig. 4. Entropy ‘S_AV! a), and enthalpy hAV, b), of humid air in equi-
salinities as indicated by the curves. The equilibrium air fraction, el . :
A= A% g the condensation point is computed from Eq. (6.4) librium with seawater, Eq. (6.18), at sea-level pressure as a func-
the resulting specific humidity is g=(1 — A). The relative humidity tion of the sea-surface tem[-:ﬁe_ratu-re (88T) -tor a-;allmtles 0. 35 and
RHwo is determined from A by the WMO definition (10.4) with 120 g/kg. The related humidity is shown in Fig. 3. Entropy and
the saturated air fraction A" from Eq. (7.5). A% is displayed as enthalpy of dry air are plotted for comparison.
the zero-salinity curve “0 g/kg” in (a).
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Figure 25: A study of the Figs. 8 and 4 of |Feistel et al.| (2010d, p.101-103)...
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Entropy Profile of RS 14

Entropy Profile of AEROSE 04030715

R s T R e 1§} Feistel As another example measured over the tropical Atlantic, a - 4 300
! 1 ! radiosonde profile launched at 15:47 UTC on 7 March 2004
n"f ' ' [ (2010) ‘f off South America at 9.85797° N, 33.11862°E is selected
- i i H L || from the AEROSE-I cruise (Nalli et al., 2005; Morns et
i 1 5 1 ~~ || al.. 2006) and displaved in Fig. 20. The sca-surface tem-
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Fig. 19. Entropy of two radiosonde profiles taken on the subtropical
Atlantic off Morocco, Table 1, computed from Eq. (5.16), neglect-
ing any unknown condensed fraction, compared with the related
sea-air entropy, computed from ocean surface properties by means
of the equilibrium Eg. (6.4) and shown here as vertical lines. The
large difference in the upper panel probably results from strong off-
shore wind that also carried Sahara dust observed at this time.

Fig. 20. Profiles of air fraction and entropy of the radiosonde pro-
files AEROSE 04030715 taken on 7 March 2004 15:47 UTC in
the tropical Atlantic at 9.85797° N, 33.11862° E showing[an isen- |
Courlcsy Nicholas R. Nalli, NOAA). The ver-
tical lines indicate the values computed for the humid-air part from
the sea-air equilibrium at the observed sea-surface temperature of
26.28 °C and salinity of 36.22 g/kg, Eqs. (6.4) and (6.18). The air
fraction A on the abscissa relates to specific humidity, g=1— A.

Figure 26: A study of the Figs. 19 and 20 of Feistel et al| (2010d, p.117-118)...
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