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Calculations at both the SCF and MP2 levels including electron correlation effects on both the geometries
and energies of different stationary points encountered along the decomposition pathways for thioformic
acids are reported. Four conformers of monothioformic acid and two conformers of dithioformic acids have
been investigated using ab initio electronic structure calculations with a series of basis sets. Results show
that theketotautomer of monothioformic acid, HC(:O)SH, is the more stable form with respect thitteto
tautomer, HC(:S)OH. Furthermore, all of thrans isomers of monothioformic and dithioformic acids are
slightly more stable in energy than the correspondiisgsomers, which are in agreement with experimental
results. Rice-RamspergerKasset-Marcus (RRKM) calculations of the unimolecular rate constants for
pyrolysis of these acids are carried out.

Introduction but for pyrolysis of monothioformic acid no papers have been
] ] ) reported as yet.

Recently, thgrg has beer_l considerable interest in the stu_dy In this work, we explore the possible mechanisms of
of sulfur-containing organic compounds because of their \nimolecular pyrolysis reactions of monothioformic and dithio-
importance in chemistry and in biolody.The structures of  {ormic acids in the absence of experimental data. Similar to
monothioformic acid have been assigned by microwave spec-gelie et al.’s studies on pyrolysis mechanisms of formic #cid,
troscopy? Monothioformic acid exhibits structural, as well as o propose that the following thermal decomposition reactions

geometric, isomerism, with thieeto and thioketoforms HC(: occur during the pyrolysis of monothioformic and dithioformic
O)SH and HC(:S)OH. Engler and Gattdsuggested that the  j.igs.

ketotautomer is the more stable form. Hocking and co-workers

confirmed this suggestion and also indicated that kieéo ketoconformers of monothioformic acid:

tautomer displayedis—trans isomerism, with therans con- transHC(:O)SH— H,S + CO Q)
former being more stable by 231 cM(0.661 kcal/moly* The
microwave spectrum of dithioformic acids (HCSSH), as a cisHC(:O)SH— H, + SCO (2)

potential interstellar molecule has been studied by Bak and co-

workerss8 Their results showed that theans isomer was  thioketoconformers of monothioformic acid:

stabilized relative to theis isomer by 350 cm! (1.002 kcal/ transHC(:S)OH— H,O + CS 3)
mol). Previously, ab initio studies on the properties of mono- z
thioformic and dithioformic acids, including the structural cisHC(:S)OH— H, + OCS (4)

information, rotation isomerization, electronic properties, in-

tramolecular hydrogen bond, and hydrogen shift reaction, etc., dithioformic acid:

were also reporte@.1> Calculations by Sbshowed that the

transisomer of dithioformic acid was more stable thandts transHCSSH— H,S+ CS (5)
isomer by 696 cm? (1.992 kcal/mol) at the MP2/3-21G*//HF/ .

3-21G* level, whereas loannoni et*lfound thetransisomer CisHCSSH—H, + SCS (6)

to be more stable by 1.37 kcal/mol at the MP4SDTQ//HF/6- All the structures and energies of the stationary points and the
31G* level. Nguyen and Werindbstudied a 1,3-hydrogen shift  transition states involved in these reactions are examined using
in thioformic acid and gave an energy difference of 2.95 kcal/ ab initio methods. Effects of basis sets involving polarization
mol at the MP4SDTQ/6-31G*//HF/6-31G* level between the function and diffuse function as used by ‘€aa'® as well as

two isomers of monothioformic acid, with the trans-HC(:O)SH electron correlation upon the relative stability of these structures
being more stable than theansHC(:S)OH. All of the above and reaction heats for each of the above reactions, are compared
experimental and theoretical studies, however, were more and discussed. Moreover, the reactivities for the three pairs of
concerned with the molecular structures and properties of competing reactions are expected to be predicted by means of
thioformic acids. Only very recently did Xie et report the the RRKM rate constant calculations using the UNIMOL
theoretical studies of unimolecular pyrolysis of dithioformic program.

acid. They investigated pyrolysis of dithioformic acids using .

the SCF MO method at the MP4/6-31G**//HF/6-31G** level, Computational Procedure

All molecular structures, including those for transition states
* Author to whom correspondence should be addressed. in the reactions considered here, were determined by the search
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Figure 1. Optimized geometries of the stationary points that are
relevant in the thioformic acid pyrolysis.

methods in GAUSSIAN 94W? These geometries were fully
optimized with a variety of basis sets (6-31G*, 6-311G**) and
include large basis sets involving diffuse functions (6-
311++G**) at the SCF level, as well as at the MP2 level
considering electron correlation with 6-31G*, 6-311G**, and
6-311++G** basis sets. Harmonic vibrational frequencies were
calculated, at both the MP2/6-311G** and MP2/6-3H1G**
levels with their corresponding structures, to characterize the
stationary points and to estimate the zero-point vibrational
contributions to relative energies. To obtain improved energy,
at each of the final MP2/6-311G** structures, as well as at the
MP2/6-311-+G** structures, single-point energy calculations
were carried out with fourth-order MglleiPlesset perturbation
theory20-21 denoted as MP4SDTQ/6-311G**//MP2/6-311G**
and MP4SDTQ/6-31t+G**//MP2/6-31++G**. For some
saddle points, the intrinsic reaction coordinate (IRChlcula-
tions were performed in order to establish which two stable
points were connected.

Results and Discussion

A. Optimized Structures and Energetics. Geometrical
parameters for all of the species encountered on the pyrolysis
of monothioformic and dithioformic acids optimized at both the
SCF and MP2 levels with a series of basis sets are given in
Figure 1 and Table 1. All these structures are found to be planar.

Considering first the geometries of the equilibrium structure,

it can easily be observed that, at every level of theory, both stable thartisHC(:O)SH @) by 1.08 kcal/mol at the MP4SDTQ/
lengths are generally decreased when polarization function and6-311G**//MP2/6-311G** level; the value obtained experi-
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diffuse function are added to the atomic basis set. On the other
hand, as shown by DeFrees etZlthe correlation corrections
result always in bond lengthening for each of the basis sets used.
Relative to the HF/6-31G* and HF/6-311G** values, the MP2/
6-31G* and MP2/6-311G** bond lengths of equilibrium
structures can be regarded as resulting from the lengthening by
inclusion of the MP2 correction, respectively. But compared
with HF/6-31G* values, the MP2/6-311G** bond lengths of
equilibrium structures can be regarded as resulting from the two
opposing but not equal effects: shortening of the bond lengths
by extension of the basis set and lengthening by inclusion of
the MP2 corrections. As for the transition state structures
(TS1-TS6), the effects of the basis set extension are found to
have trends similar to those mentioned for the equilibrium
structures (shortening the bond length), but the correlation effect
does not operate always in the same direction for all geometrical
parameters. For instance, the-€23 bond lengths in TS1 are
2.52, 2.514 A at the HF/6-31G* and HF/6-311G* levels,
respectively, but they are 2.428, 2.376 A at the MP2/6-31G*
and MP2/6-311G** levels. In our calculations, as shown in
Table 1, the geometrical differences between the two highest
levels of MP2/6-311G** and MP2/6-311+G** are very slight.
Generally, basis sets with diffuse functions are important for
anions and systems where electrons are relatively far from the
nucleus and systems with significant negative chafge.

Table 2 displays the relative energies including the zero-point
energy corrections for the conformers and transition states
involved in pyrolysis of thioformic acids. The relative stability
of those conformers is dependent upon basis sets and inclusion
of correlation effects. It is easily seen that, for all thens—
cis conformers, thetrans conformers are the more stable
structures. Moreover, for the monothioformic acid, #eto
tautomer of monothioformic acid HC(:0)SH is more stable than
the correspondinthioketotautomer HC(:S)OH, which is agrees
well with both experimental and theoretical reséttd* Because
of the relatively larger basis sets and relatively higher optimiza-
tion level used here, the energy difference in our calculation is
closer to the experimental results than other calculations. For
example, in our calculation, theansHC(:O)SH () is more
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TABLE 1: Optimized Structures of the Stationary Points for the Thioformic Acid Decomposition (Bond Lengths, A; Bond

Angles, deg)
MP2/ MP2/ MP2/ MP2/
structure param 6-311G** 6-311++G** structure param 6-311G** 6-311++G**
transHC(:O)SH @) 01-C2 1.206 1.209 four-center oeLr2 1.178 1.181
C2-S3 1.777 1.770 transition state TS2 €33 1.677 1.674
S3-H4 1.336 1.337 S3H4 1.691 1.698
C2—-H5 1.105 1.104 C2H5 1.436 1.429
01-C2-S3 125.4 125.8 H4H5 0.998 0.993
C2—-S3-H4 93.5 94.1 0%+ C2-S3 145.6 145.4
01-C2-H5 123.6 123.2 C2S3-H4 55.9 55.5
H4—-S3—-C2-01 0.0 0.0 S3H4—H5 124.7 124.7
cisHC(:O)SH @) 01-C2 1.205 1.207 H4S3-C2-01 180.0 180.0
C2-S3 1.779 1.774 three-center SC2 1.536 1.524
S3-H4 1.335 1.336 transition state TS3 €03 1.934 2.041
C2—H5 1.106 1.105 O3H4 0.967 0.968
01-C2-S3 122.8 123.0 C2H5 1.203 1.161
C2—-S3-H4 94.7 94.5 O3H5 1.271 1.364
01-C2-H5 123.5 123.2 S1C2-03 131.5 134.2
H4—-S3-C2-01 180.0 180.0 C203—-H4 157.8 161.1
transHC(:S)O @) S1-C2 1.618 1.616 C2H4—-H5 37.3 32.8
Cc2-03 1.337 1.341 H403—-C2-S1 0.0 0.0
0O3—H4 0.969 0.970 four-center sSI2 1.586 1.585
C2—-H5 1.091 1.089 transition state TS4 €@3 1.265 1.269
S1-C2-03 126.7 126.5 O3H4 1.326 1.337
C2-03—-H4 106.3 106.8 C2H5 1.400 1.389
S1-C2-H5 123.7 123.8 H4H5 0.999 0.998
H4—-03-C2-S1 0.0 0.0 S3+C2-03 145.7 145.1
cisHC(:S)OH @) S1-C2 1.612 1.609 C203—-H4 65.2 64.7
Cc2-03 1.346 1.351 O3H4—H5 124.5 123.9
0O3—-H4 0.964 0.965 H403—-C2-S1 180.0 180.0
C2—-H5 1.095 1.094 three-center SC2 1.541 1.541
S1-C2-03 123.6 123.3 transition state TS5 €33 2.548 2.538
C2-03—-H4 107.8 108.4 S3H4 1.342 1.342
S1-C2—H5 122.4 122.8 C2H5 1.106 1.106
H4—-03-C2-S1 180.0 180.0 S3H5 1.929 1.929
transHCSSH 6) S1-C2 1.622 1.621 S1C2-S3 113.7 113.6
C2-S3 1.738 1.738 C2S3-H4 100.6 101.0
S3-H4 1.338 1.337 C2S3-H5 23.9 24.1
C2—-H5 1.092 1.092 H4S3-C2-S1 180.0 180.0
S1-C2-S3 128.7 128.7 four-center SC2 1.604 1.603
C2-S3-H4 95.6 95.5 transition state TS6 €33 1.669 1.670
S1-C2-H5 121.2 121.2 S3H4 1.772 1.771
H4—-S3-C2-S1 0.0 0.0 C2H5 1.343 1.343
cisHCSSH 6) S1-C2 1.620 1.620 H4H5 0.943 0.944
C2-S3 1.744 1.745 S1C2-S3 143.8 143.9
S3-H4 1.337 1.337 C2S3-H4 48.9 48.9
C2-H5 1.091 1.092 S3H4—-H5 127.2 127.1
S1-C2-S3 124.5 124.5 H4S3-C2-S1 180.0 180.0
C2—-S3-H4 96.1 96.1 HS (7) S—H 1.334 1.333
S1-C2-H5 121.6 121.6 HS—H 92.2 92.1
H4—-S3-C2-S1 180.0 180.0 (ef0:)] c-0 1.139 1.140
three-center 01C2 1.142 1.143 K(9) H—H 0.738 0.738
transition state TS1 C2S3 2.376 2.370 0oCs0) o-C 1.169 1171
S3-H4 1.335 1.334 (S 1.565 1.563
C2—-H5 1.202 1.208 6C-S 180.0 180.0
S3-H5 1.748 1.739 RO (11) O—H 0.958 0.959
01-C2-S3 146.9 148.1 HO—-H 102.5 103.5
C2—-S3-H4 173.9 173.9 CSlIQ) C-S 1.542 1.540
C2—-S3-H5 29.1 29.4 Cs(13) S-C 1.562 1.562
H4—-S3-C2-01 0.0 0.0 SC-S 180.0 180.0

mentally by Hocking and Winnewisss 231 cnt? (0.661 kcal/
mol), whereas it is 2.95 kcal/mol in Nguyen Weringa’'s
calculation at the MP4/6-31G**//HF/6-31G** levéf,and they
overestimated it by 2.289 kcal/mol. Moreover, thans
HCSSH is more stable than tlés-HCSSH by 1.25 kcal/mol
at the MP4SDTQ/6-311G**//MP2/6-311G** level in our cal-
culations; the experimental restftis 350 cn1? (1.002 kcal/
mol), whereas calculations by 8dy loannoni et all? and by
Xie and co-worker¥ give the values of 1.992, 1.37, and 1.55
kcal/mol, at the MP2/3-21G*//HF/3-21G*, MP4SDTQ/6-31G*/
IHF/6-31G*, and MP4/6-31G**//HF/6-31G** levels, respec-
tively.

B. Pyrolysis of Thioformic Acid. Considering first reac-
tions 1 and 2 corresponding to decomposition of the two isomers
of ketoHC(:O)SH. The concerted mechanism of dehydrogen-
sulfidation oftransHC(:O)SH @) is assumed as a 1,2-shift of
the H5 atom to the S3 atom of the SH hydrosulfide group via
a three-center transition state TS1 in which the formation of
the S3-H5 bond and the breaking of the €ERI5 and C2-S3
bonds take place simultaneously. However, the variation of
these bond lengths in the transition state with respect to their
equilibrium values irtransHC(:O)SH is apparent; the breaking
bonds, both C2H5 and C2-S3, are elongated, but the -S3
H5 bond length is shortened, and the differences among various
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TABLE 2: Relative Energies (kcal/mol) Plus Zero-Point Energy at Different Levels for Pyrolysis of Monothioformic and
Dithioformic Acids

HF/6-31G*// HF/6-311G**// MP4SDTQ/6-311G**// MP4SDTQ/6-313%G**//
rel energy HF/6-31G* HF/6-311G** MP2/6-311G** MP2/6-31H-G**
Relative Energies Involving Pyrolysis of Monothioformic Acid
AE¥(2-1) 142 111 1.08, 0.661 1.09, 2.98
AE(3-1) 5.47 4.88 5.41 5.72
AE(4-3) 6.19 5.98 5.27 4.58
AE(TS1-1) 67.88 62.83 57.47 59.69
AE(TS2-2) 90.09 83.20 62.65 63.48
AE(TS3-3) 109.69 103.72 82.66 74.05
AE(TS4-4) 92.33 91.97 65.04 65.13
AH1P —13.83 —18.42 —10.28 —7.52
AH2 —4.74 —4.10 —11.99 —10.62
AH3 39.96 34.55 31.45 27.24
AH4 —14.97 —13.86 —21.59 —19.84
Relative Energies Involving Pyrolysis of Dithioformic Acid
AE(6—5) 1.64 1.39 1.25,1.062 1.31,1.55,1.9991.37
AE(TS5-5) 80.18 75.87 58.78 58.29, 63168
AE(TS6-6) 92.28 88.26 68.91 68.58, 72173
AH5 29.72 88.47 27.79 27.08, 2989
AH6 2.61 68.91 —8.58 —8.44,—-10.12

2 AE(2—1) equals the energy of structueminus the energy of structurk and so on® AH1 means reaction heat of reaction 1, and so on.
¢ Experimentally from ref 49 By Nguyen and Weringa from ref 14 at the MP4SDTQ/6-31G**//HF/6-31G** le¥d&xperimentally from ref 5.
fBy Xie et al. from ref 16 at the MP4/6-31G**//HF/6-31G** level By So from ref 8 at the MP2/3-21G*//HF/3-21G* levéIBy loannoni et al.
from ref 10 at the MP4SDTQ/6-31G*//HF/6-31G* level.

levels for the variation of these bond lengths is very small. The the MP4SDTQ/6-311G**//MP2/6-311G** level, which means
basic trend is that the more elongated the-€® bond is, the dehydrogensulfidation process is the more favorable process in
less the increase of the €53 bond and the more the decrease energy than the dehydrogenation process. The reaction heats
of the S3-H5 bond will be. are—10.28 and—11.99 kcal/mol, respectively.

The mechanism of dehydrogenation yielding &d OCS For reactions 36, both reactions 3 and 5 are similar to
assumes at first a conformational change from the most stablereaction 1 via three-center transition states (TS3, TS5); they
transHC(O)SH () to the less stableisHC(O)SH @). The  ¢orrespond to dehydration and dehydrogensulfidaticneofs-
rotation barrier height is 32.5 kcal/m#l. From the cis HC(:0)SH @) andtransHCSSH 6), respectively. As well as
intermediate, the dehydrogenation proceeds via a four-membereqgactions 4 and 6 resemble reaction 2 via four-membered
transition state TS2 by simultaneous-€125 and S3-H4 bond transition states (TS4, TS6), they correspond to dehydrogenation
cleavages and H4HS bond formation. In contrast to the ot cic HC(:0)SH @) andcis HCSSH 6), respectively. As seen
previous dehydrogensulfidation process, the overall transition .0\ the computational results, the geometries including equi-

sr:at(ce:girﬂfsztureds S‘"":r}el_i'lrg”ar dlrll all cr?mputatlonhal Ievelsl. In ng' librium structures and transition states involved in these reactions
the an ond lengths are much more elongate are similar to those in reactions 1 and 2. The effects of basis

than the corresporjding normal bond Iengthsim.HC(:O.)SH sets and electronic correlation on the geometries and energy
|(_|2)_|Y|V T)?)rrfdaslet:geﬂ? |isr':a|r;ceTt())e3/(veﬁefr; vI:r?i;n(tj\NI;SsltsagllgS:)T)?nttz the parrier are fundamentally the same as the former discussion.
connect to the transition-state the RHF/6-31G* IRC for reactions However, there is the. unusual fact that, in TS5, thg dllh(.adral
2and 3viaTS2 (four-membe,red transition state) and TS3 (three-angle H4-S3-C2-S1 1S 0.0 at the STO'SG. Ie\{el, Wh"? Itis
180.0 at other calculation levels. The activation barriers for

center transition state) along the reaction path are performed'reactions 3 and 4 are 82.66, 65.04 kcal/mol and the reaction

In the forward direction along the reaction coordinate, the -
cleaving bonds C2H5 and C2-S3 in TS3 and C2H5 and heats are 31.45;21.59 kcal/mol at the MP4SDTQ/6-311G**/

. : ; /IMP2/6-311G** level, respectively. The activation barriers for
fﬁ;g;’ g]n-(lj—SHZ : l[le5eggu%aitﬁqlls\’;hgiég?n?rcrgggft‘gi# gréd reaction 5 and 6 are 58.78, 68.91 kcal/mol and the reaction heats

bond length in HS and the H-H bond length in K, respec- are 27.79—-8.58 kcal/mol at the MP4SDTQ/6-311G**//MP2/

tively; the transition states are connected to the products. On8-311G™ level, respectively.
the contrary, transition states are connected to the reactants in It should be noticed that the activation barrier of reaction 5
the reverse direction. corresponding to dehydrogensulfidation of HCSSH via a three-
More important than the actual correlation-induced changes center transition state TS5 is lower than the barrier for reaction
in geometry is the effect of those changes on the relative energiesS corresponding to dehydrogenation of HCSSH via a four-
of different species encountered on the reaction pathways. Formembered transition state TS6, which means that the dehydro-
either process, the activation barrier is generally decreased withgensulfidation process is the more favorable process than
the basis set increases; furthermore, the barrier heights can be&lehydrogenation in energy for HCSSH, which is in agreement
decreased greatly by the correlation effects. A decrease ofwith that ofketoHC(:0)SH. However, for the decomposition
barrier height for the dehydrogenation process, for instance, asof thioketeHC(:S)OH, the opposite result is obtained; the
large as 27.44 kcal/mol is obtained in going from HF/6-31G*/ activation barrier of dehydration process proceeding from the
[HF/6-31G* to MP4SDTQ/6-311G**//MP2/6-311G** calcula-  three-center transition state TS3 is higher than that of the
tions. The activation barriers of reactions 1 and 2 corresponding dehydrogenation process via the four-membered transition state
to the dehydrogensulfidation and dehydrogenation processes off S4, which means the dehydrogenation process is the favorable
ketocHC(:O)SH are 57.47 and 62.65 kcal/mol, respectively, at process. This is perhaps because the cleaving of @ Bond
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TABLE 3: Total Energies (hartrees) at Different Levels of the Stationary Points for Thioformic Acid Decomposition
HF/6-311G**// HF/6-311G**// HF/6-311-+G**// MP4SDTQ/6-311G**// MPA4SDTQ/6-31%#+G**//

molecule ZPE HF/6-311G*  MP2/6-311G** MP2/6-31H+G** MP2/6-311G** MP2/6-311+G**
transHC(:0)SH () 17.89 —511.449325 —511.4470538 —511.4518479 ~511.960 987 ~511.970 1669
CisHC(O)SH@)  17.81 —511.447430 -511.4452614 —511.450 0308 ~511.959 1258 ~511.968 3098
transHC(:S)OH @) 20.29 —511.445375 —511.4435725 —511.447 5195 —511.956 1823 ~511.964 6409
CisHC(:S)OH @) =~ 19.94 —511.435276 —511.4335233 —511.4380817 ~511.947 215 ~511.956 8156
transHCSSH 6)  16.78 —834.086 649 —834.086 1869 —834.088 4087 —834.545 4798 —834.550 017
cisHCSSH 6) 16.63 —834.084197 —834.0837969 —834.085 8865 —834.543 2488 —834.547 6645
TS1 12.34 —511.340307 -511.331624  —511.333 6382 ~511.860 5218 ~511.865 9975
TS2 12.94 —511.307031 —511.3035845 —511.307 6709 ~511.851 4826 ~511.859 1474
TS3 13.43 —511.269079 —511.2678578 —511.281 6263 ~511.813 4626 ~511.836 2535
TS4 13.60 —511.287053 —511.2844618 —511.289 4946 ~511.833 4204 ~511.842 9149
TS5 12.46 —833.958810 —833.9557975 —833.958 8349 —834.444 8872 —834.450 2357
TS6 11.17 —833.934784 —833.9340467 —833.936 4551 —834.424 6818 —834.429 4816
H.S (7) 9.83 —398.701236 —398.7011073 —398.701 963 —398.870 8828 —398.872 0479
CO @) 3.05 —112.769475 —112.7665094 —112.767 9655 —113.098 5045 —113.102 2052
H, (9) 6.48  —1.132491  —1.1324851 —1.132 4864 ~1.167 7293 ~1.167 7276
OCS (10) 5.78 —510.312632 -510.3083129 —510.312 6583 ~510.801 6611 ~510.808 6127
H0 (11) 13.71 —76.047012 —76.0462662  —76.052 4781 ~76.276 3381 ~76.287 3344
CS (12 1.88 —435.3357922 —435.3350381 —435.337 6491 —435.622 2077 —435.626 8039
CS (13 4.40 —832.9364339 —832.9356469 —832.938 3876 —833.380 0336 —833.384 2807

is more difficult than the cleaving of the-€S bond due to the
well-known fact of the C-O bond energy being larger than the
C—S bond.

C. Rate Constants Calculations using RRKM Theory.
The rate constants were calculated using RiRemsperger

and energies of the different stationary points encountered along
the decomposition pathways, for thioformic acids, have been
reported. All of theransisomers are slightly more stable than
the correspondingis isomers. Moreover, for monothioformic
acid, the keto conformer is more stable than thaioketo
Kasset-Marcus (RRKM) theory. We followed the procedures conformer. Three pairs of competing pyrolysis reactions have
described by Gilbert and SmifA. In the RRKM calculation, been examined and discussed in terms of ab initio and RRKM
the reactants and the transition states were treated as symmetricalculations. From the calculations we obt&ir> ks, ks > ks,

top with the largest moments of inertia taken to be active. The andks > ks.

master equatiodd?®6were solved by numerical method, and the _
density of states for the reactant and TS were calculated usingAppend'X

the BeyerSwinehart algorithm. The Lennard-Jones collision ~ The total energies (hartrees) at different levels of the
rate between thioformic acids and bath gas Ar was estimatedstationary points for thioformic acid decomposition are given
by means of the effective Lennard-Jones diameters and wellin Table 3.

depths, which were obtained using the multidimensional mid-
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