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In the liquid metallic hydrogen solar model (LMHSM), the ohrosphere is the site of
hydrogen condensation (P.M. Robitaille. The Liquid Métallydrogen Model of the
Sun and the Solar Atmosphere V. On the Nature of the ChrohesspProgr. Phys.,
2013, v. 3, L15-L21). Line emission is associated with tresigiation of energy from
condensed hydrogen structures, CHS. Previously considesetions resulted in hy-
drogen atom or cluster addition to the site of condensatiothis work, an additional
mechanism is presented, wherein atomic or molecular spéatieract with CHS, but
do not deposit hydrogen. These reactions channel heat aamyGHS, enabling them
to cool even more rapidly. As a result, this new class of mses could complement
true hydrogen condensation reactions by providing an @nyimechanism for the re-
moval of heat. Such ‘futile’ reactions lead to the formatafractivated atoms, ions, or
molecules and might contribute to line emission from sudt&s. Evidence that com-
plimentary ‘futile’ reactions might be important in the ohmosphere can be extracted
from lineshape analysis.

In order to explain the occurrence of the dark lines of emission lines in the chromosphere. These reactionks faci

!:é;zpsﬁﬁ;ﬁﬁggﬁm&ﬁgﬁ?xzﬁﬂ% itate the deposit of atomic hydrogen onto condensed hydro-

a continuous spectrum, the brightness of which ex- gen structgres, CHS [9,11, ].'2]' Line em|§S|Qn Ir.] the chro-
' mosphere is fundamentally linked to the dissipation of heat

ceeds a certain limit. The most probable supposi- . . . . .
tion which can be made respecting the Sun's consti- associated with exothermic condensation reactions. Tlee ro

tution is, that it consists of a solid or liquid nucleus, of condensation reactions in the chromosphere of the Sun has
heated to a temperature of the brightest whiteness, previously been presented in substantial detail [9, 11,A&]
surrounded by an atmosphere of somewhat lower the sake of clarity, it is briefly readdressed herein.

temperature. One can consider an atom, A, reacting with hydrogen, H,

to give rise to a molecular species, AH [8, 9, 11]. It should
be possible for AH and CHS in the chromosphere to form an
activated complex, CH$ AH — CHS-HA". This would then
be followed by an exothermic step involving the expulsion of
During a solar eclipse, the flash spectrum associated wath activated atom, CHS-HA—» CHS-H + A*, followed by
the chromosphere of the Sun becomes readily visible [2-#le line emission from A A* — A + hv. In such a manner, a
This spectrum is dominated by emission lines from hydreiable scheme is presented to account for line emission from
gen, most notably H, which gives rise to its characteristimeutral atoms, including those from hydrogen itself.
color. However, the flash spectrum also contains a wide ar- An analogous process could also be applied to a cation,
ray of emission lines generated from neutral atoms, ions, A", reacting with hydrogen, H, to give rise to a molecu-
molecules [2-5]. Within the context of the Standard Sollr species, AH", where =1, 2, etc [8, 9, 11]. Reaction
Models (SSM) [6], these emission lines are produced by rarf-AH*" with a condensed hydrogen structure (CHS) in the
dom temperature related excitation processes in thismegjio chromosphere leads to an activated complex, GHAS ™" —
the Sun. Because the SSM adopt a gaseous solar bodyQHS-HA™. This would then be followed by an exothermic
chromosphere is devoid of function and line emission dostep involving the expulsion of an activated ion, CHS-13A
not help to account for structure. — CHS-H+ A*™™, followed by the line emission from the

In sharp contrast, within the Liquid Metallic Hydrogeration, A™™, A*™ — A* + hy. Such reactions have been
Solar Model (LMHSM) [7, 8], the chromosphere is a site gfostulated to play an important role in the chromosphere and
hydrogen and proton capture, while the corona is resporan explain the Hell lines, if HeHtriggers the condensa-
ble for harvesting electrons [8—12]. Condensation reastidion [8,11]. When C& acts as the initial cation, such a mech-
have therefore been advanced to account for the producoism can account for the strong Call lines in the Sun [9].

Gustav Robert Kirchh, 1862 [1]

1 Introduction
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2 ‘Futil€e reactions result would be line emission from these molecular species.

. . . . The analysis of spectroscopic lineshapes in the Sun is
There is another class of reactions which may play a role_in y P b P

! : -an area of considerable complexity for current models. The
the Sun, but has previously been overlooked. It is posmgl% npiextty . .
wihgs and cores of many lines appear to change with alti-

for interactions to take place with condensed hydrogeru:stryude above the solar surface (see [3,4, 8, 13] and references
tures, but without the net transfer of a hydrogen atom. Ttg S Vo

new set of ‘futile’ reactions is important for three reasohps herein). Such findings suggest that the mechanism involved
: L . mportant1 hp in line production might well involve both true condensatio
it offers new insight relative to line emission arising from neu-

. . eactions and futile processes. As previously stated {8, i
tral atoms and molecules, 2) it adds an important new mecﬁa-. P . P y stat 18
unlikely that Stark mechanisms are truly responsible fer th

nism, .W.hICh can comple_mgnt previous reactions [9,11, mz]’lfneshapes we observe in the Sun.
describing spectroscopic linewidths in the chromosptzré,

3) it proviQes a mechanism which can facilitate condensatipedication

reactions in the chromosphere bffaring yet another meansD dicated t ¢ ¢ and fut ¢
to dissipate heat. edicated to past, present, and future astronomers.

In biochemistry, futile reactions tend to be cyclic in na- Submitted on: January 13, 201Accepted on: January 15, 2014
ture. They involve chemical processes which do not lead to First published online on: January 18, 2014
any useful work, but which are exothermic.
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A classic example of a futile cycle would involve the reac-

. . . . the Solar Spectrum and the Spectra of the Chemical Elements. Trans-
ezIS]; DUI’IEQ glyC_OI]}/SIS’ we h6aVE a re:CtleZE]rgatal¥Z€d byspho lated by H.E. Roscoe, Macmillan and Co., Cambridge, 18623 p.
pho r_UCtO inase: fructose-6-p OSP a{ - ru_Ctose- . Menzel D.H. A Study of the Solar Chromosphepeblications of the
1,6-b|sphqsph§\te ADP. The reagnon is reversed in gluco- [k observatory, University of California Press, Berkeley, CA, v. 17,
neogenesis using fructose-1,6-bisphosphatase: frudtése 1931.
bisphosphate H,O — fructose-6-phosphateP,. The over- 3. Thomas R.N. and Athay R.G. Physics of the Solar Chromasplre-
all reaction involves the simple wastage of ATP and energy terscience Publishers, New York, N.Y., 1961.
dissipation without net work: ATR- H,O— ADP + P, + 4. Bray R.J. and Loughhead R.E. The Solar Chromosphere (feméa-

heat. The cell, of course, had to work to make the ATP and as tional Astrophysics Series), Chapman and Hall, London, .| LE74.
aresult. such a cycle is truIy futile. 5. Zirin H. The mystery of the chromosphefalar Phys., 1996, v. 169,

. . . . . 313-326.

Letus consider the S|mplest_futlle reaCt,Ion n th(_% Chromo_. Bahcall J.N. and Pinsonneault M.H. Standard solar modéth and
sphere. A hydrogen atom, H, interacts d”‘ecﬂy with @ con-" yithout helium ditusion, and the solar neutrino probleRev. Mod.
densed hydrogen structure to form a weak activated complex, Phys., 1992, v. 64, no.4, 885-926.

CHS+ H —» CHS-H. But this time, the reaction is reversed 7. Robitaille P.M. Liquid metallic hydrogen: A building lk for a liquid
and no hydrogen is deposited: CHS— CHS + H*. This Sun.Progr. Phys., 2011, v. 3, 60-74.

would then be followed by line emission from activated hy-8. Robitaille P.M. Forty lines of evidence for condensed tarat— The
drogen H H* — H + hy. as hydrogen is allowed to relax Sun on trial: Liquid metallic hydrogen as a solar buildingdX. Progr.

' ' . s Phys., 2013, v. 4, 90-142.

back to the ground state. The reaction appears futile, asno """ T ,

t chanae has taken place. But on closer examination. it IQS. Robitaille P.M. The liquid metallic hydrogen model of t8an and the
netc g p : ! solar atmosphere V. On the nature of the chromosplitnayr. Phys.,
noted that heat has been removed from the condensed hydro-013, v. 3, L15-L21.
gen structure. As a result, though no additional condemsatiio. Robitaille P.-M. The LMH model of the Sun and the solaragphere
has occurred, such a futile process can cool the condensingV. On the nature of the corongrogr. Phys., 2013, v. 3, L22-1.25.
structure, thereby facilitating its growth when other toom- 11. Robitaille P.M. The liquid metallic hydrogen model oétBun and the

densation reactions [8—12] are Occurring in parallel. solar atmosphere VI. Helium in the chromosphéhegr. Phys., 2013,

) . . ot v.3,L26-128.
Itis now reqdlly apparent that a wide arrgy of “futile pr0-12. Robitaille P.M. The LMH model of the Sun and the solar aphere
cesses may exist in the chromosphere. For instance, an atomyyyy. Further insights into the chromosphere and cordpragr. Phys.,
A, could react with hydrogen, H, to give rise to a molecular 2013, v. 3, L30-L36.
species, AH [8,9, 11]. AH could interact with CHS in the1s. Przybilla N. and Butler K. The solar hydrogen spectrunmam-local
chromosphere to form an activated complex, CH8H — thermodynamic equilibriumAstrophys. J., 2004, v. 610, L61-L64.
CHS-HA:. The reaction is reversed and no hydrogen is de-
posited: CHS—-HA — CHS + AH*. This would then be fol-
lowed by line emission from the molecular species*ARH*
— AH + hy. In such a manner, a viable scheme is presented to
account for line emission from small neutral moleculeshsuc
as K, CaH, LiH, etc. Similar reactions could also be invoked
which involve small molecules such as® or NH;. The
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