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fitted (surface fit J) energies for the two lowest energy states are
also tabulated.

ASCII file containing the MRDCI energies calculated with the
Strategy B thresholds for six lowest energy states of LiFH. These
additional calculations were performed along three one-dimesional
cuts through the minimum of the van der Waals well of the ground
electronic state.

ASCII file containing the FORTRAN program for the LiFH potential
energy matrix, surface fit J.

ASCII file containing the FORTRAN program for the LiFH potential

energy matrix, surface fit JS.

Note: See POTLIB-online! for a convenient way to download either of the potential

energy matrix routines.
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1. Nucler geometry grids for the ab initio calculations
1.1. Strategy A data

The 6-root MRDCI calculations employing the largest thresholds 7, i.e., 7= 4, 6,
and 8 uE}, (Strategy A) consisted of 3,380 geometries. In specifying grids we will use a

shorthand notation that, for example, 2.5(0.1)2.8 denotes 2.5, 2.6, 2.7, and 2.8. The main
grid included 27 Li-F distances: 7 ;p = 2.0, 2.25, 2.5,2.7(0.1)2.9, 2.9553, 3.0(0.1)4.0,

4.25,4.5,5.0(1.0)7.0, and 9.0(2.0)15.0 a(; 24 H-F distances: rgp = 1.2(0.2)1.6, 1.7,
1.7325,1.8(0.1)3.0, 3.25(0.25)4.0, 5.0, and 7.0 a(; and five values of the Li-F—H angle: 6

=45, 70(20)110, and 179.99 degrees. Notice the presence of the equilibrium bond
lengths for LiF (r ;g = 2.9553 a) and HF (rgp = 1.7325 a() among the values of 7 ;r and

ryr, respectively. This grid of 3,240 points was augmented by calculations for 6= 0.01
degrees, rpjr = 3.0(2.0)7.0, 11.0, and 15.0 a(, and ryp = 1.2, 1.4(0.1)1.8, and 2.0(0.2)2.4
a(, and by calculations for ryp = 3.8 ag, rpjF = 2.25, 2.5, 2.7(0.1)2.9, 2.9553, 3.0(0.1)4.0,
4.25, and 4.5 ay, and 6= 45, 70(20)110, and 179.99 degrees.

1.2. Strategy B data
For the 2-root MRDCI calculations employing the intermediate thresholds 7, i.e.,
T'=1, 2, and 3 uE, (Strategy B), the main grid consisted of 27 Li—F distances and five

values of the Li—-F—H angle identical to those described above, and of up to 18 H-F
distances, covering the intervals 1.4-3.0 a( for 8= 45 degree, 1.4-2.7 a(, for 8= 70, 90,
and 110 degrees, and 1.4-2.5 a( for 8= 179.99 degrees. This grid of 2,052 geometries
was augmented by two sets of extra calculations. In the first set of extra calculations, we
added 45 points for 8= 0.01 degrees, using the following grid: r;r =3.0(2.0)7.0, 11.0,
and 15.0 ap, and rgp = 1.2, 1.4(0.1)1.8, and 2.0(0.2)2.4 a;. In the second set of extra

calculations, which played an important role in fine tuning the final fit, we added 135
nuclear geometries obtained by combining the 27 Li—F distances from the main grid with

the following values of ryp and & rgp = 2.7 ag and 0= 179.99 degrees, and ryp = 3.0 a;

and 8= 70, 90, 110, and 179.99 degrees. The total number of Strategy B geometries is

2,232, and these geometries form a subset of the Strategy A geometries.
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1.3. Strategy C data

Finally, the most accurate, 1-root calculations using the smallest selection

thresholds 7= 0.15, 0.30, and 0.45 uE}, (Strategy C) were performed on a grid of 15 Li—F
distances: r;p=2.5,2.8,2.9553,3.0(0.2)4.0, 4.25, 4.5, 5.0, and 7.0(4.0)15.0 a(, ten H-F
distances: ryp=1.4,1.6,1.7,1.7325, 1.8, 2.0, 2.1, and 2.2(0.2)2.6 a;, and seven values
of the Li—F—H angle: =45, 70(20)150, and 179.99 degrees. This grid of 1,050 points
was augmented by 24 extra points for 8= 0.01 degrees, r ;p = 5.0 and 7.0(4.0)15.0 a,
and rgp = 1.5(0.1)1.8, 2.0, and 2.2 a (to improve the description of the 8= 0 region) and
by adding 11 values of @for r| ;r = 3.6 aj and ryp = 1.763 ag, 1.e., 8= 10(10)60,

80(30)140, 160, and 170 degrees, to improve the description of the 6-dependence. To
further improve the description of the saddle point region and obtain a highly accurate
description of the product channel (including the shallow minimum in the product valley

and the LiF + H asymptote), we added 90 points corresponding to ryp = 2.5, 2.9553, 3.2,
3.4, and 3.8 aj, ryr = 2.8, 3.0, 3.25, 3.5, 4.0, and 5.0 a(, and &= 45, 70, and 90 degrees,
140 points corresponding to 7 jg = 2.5, 2.9553, 3.2, 3.4, and 3.8 ay, rgg = 6.0,
7.0(2.0)15.0, and 20.0 ay, and 6= 45, 70, 90, and 179.99 degrees, and 47 points
corresponding to rgp = 3.8 ag, ry i = 2.25 — 5.0 ay, and 6= 45, 70(20)110, and 179.99

degrees. The total number of points used in the MRDCI calculations for the ground state

with Strategy C calculations was 1,362.

1.4. Additional calculations
An additional 45 calculations were performed using the Strategy B thresholds

(i.e.,, T=1, 2, and 3 uEy) for the six lowest-energy states of LiFH. The calculations were

performed along three one-dimensional cuts through the minimum of the ground state

van der Waals well: gyp = 1.76327 ag, Or ; gr = 2.5(0.2)3.3, 3.59757, 3.7, 4.0(0.5)5.0,
6.0, 8.0, 11.0, 15.0 a, and y1; yp = 70.01 degrees; gy = 1.76327 ay, Or; yr = 3.59757

ag, and y1; yr = 1, 10(10)60, 70.01, 80(10)170, 179 degrees; and gyp = 1.3(0.1)1.7,
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1.76327, 1.9(0.1)2.4, 2.7, 3.0 ay, O ; gF = 3.59757 ay, and yp; gyr = 70.01 degrees, where
gyr 18 the magnitude of the vector from H to F (qr), Or; g is the magnitude of the

vector from Li to the center-of-mass of HF (Qr; yr), and 1 ; yr and is angle between

Qi ur and qy-



2. Quasidiabatic potential energy matrix for LiFH: Surface fit J
2.1. LiFH U4 surface

The U potential energy surface explicitly contains long-range interactions in the
Li(2s) + HF asymptote as a correction to the interaction potential
Un(R)=Uf; (R)+UFR (R), (1)
where R = (1 iy, 7gp- 7Li)> and rppg 1s the A-B internuclear distance. The long-range
forces Ui} are described in Sec. 2.4. The interaction potential U{; contains only the

Li + HF asymptote and the product van der Waals well. It is relatively simple and may

be described by the sum of three diatomic terms,
U1 (R) = Spipg (R) + Sy (R) + Spip (e ) + Die (2)
where S, g represents the AB diatomic interaction, and Dy sets the zero of energy.

The LiH diatomic does not represent the isolated Li—H interaction. It represents

Li—H interactions in the close presence of F and is purely repulsive,

Srin(R) = Sy (rLipn) +[ST iy (Lin) = St i i@ Lin (R) (3)
a _ na a 0

Stin (i) = D expl=Brin (ruin — Lin)]» 4)

St (in) = Dfin expl=BEm (rLin — )] (5)

where @y ; is a switching function given by

i (R) = pri
1 ;tanh Lig(R)— pLin ’ ©6)

O igR)=--—
1 2 ALin

s = TLH ~ TLiF + YL HE. (7)
The HF potential curve Syp was fit to experimental Rydberg-Klein-Rees (RKR) data for

the HF molecule.? The functional form is a Morse curve with a range parameter that

depends on the HF bond length,

Str (rar) = Drp X fir () [ X 1ir (rigp) — 21, )
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where

Xtir (rup) = expl—Br (rup) P — Hip)] )

and

BEr (rur) = biir +bite ('ur — IF) + b (ur — F) - (10)

Additional flexibility was added in the interaction region such that

Sur(R) = SEr(R) +[SHr (rgr) — SHF R)IP HE (rLiF) » (11)
where

Str(R) = Digp (R) X i (rgp)[ X 1ip (i) — 21, (12)
Xiir (rur) = expl—Bir (rar — 1)1 (13)
Dfip(R) = Dfiy ~[Dffy + L Dff (1-cos z1; up)], (14)

11 "LiF ~ PHF
(0] ) = —+ —tanh| =25 , 15
ur ("LiF) ) ( A (15)

and 1 ; g 18 the Jacobi angle, 1.¢., the angle between the vector from the Li atom to the
center of mass of HF (Qr; yr) and the vector from H to F (qyp). The Jacobi vector
Qi gr depends on the masses of the H and F nuclei, and these masses (along with the

mass of Li as discussed below) are therefore parameters of the fit. The masses are taken
as those of the most abundant isotopes and are listed in Table 1.

The LiF diatomic Sy ;p(71r) 1s a shallow Morse curve,
SLir (rLiF) = DLirX Lir (Lip)[X LiF (OLiF) = 2], (16)
XLir(Lip) = exp[=BLir (LiF — ﬁ?ip)] : (17)

The values of the parameters used in the U} potential matrix element are given in

Table 1.
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2.2. LiFH U43 coupling surface

The diabatic scalar coupling U, is described by

Una(R) = Upy (R)®1; () (18)
where U 102 (R) is a physically motivated functional form that is cut off for large values of

ryr Where the excited-state potential energy surface becomes energetically inaccessible,

1e.,

1 1
q)IZ(”HF)ZE_Etanh[(VHF - pP12)/ Al (19)

Nonadiabatic transitions in this regions are unimportant and eliminating the off-diagonal
coupling in these regions greatly reduces the expense of accurate quantum mechanical
dynamics calculations.

As discussed in Secs. II and III of the main paper, we calculated the diabatic
coupling for the isolated LiH and LiF diatoms. The coupling between the two states
considered here vanishes for the isolated HF diatom. We therefore treat the diabatic
coupling in the full system as arising from diatomic terms in the LiF and LiH bond

distances,
Urinn(rLin) = grim (in /1) expl=6CrLig /g = DI, (20)

0 8 0
ULir(rLir) = gLir (rLip /1 p)° exp[=8(rLip /175 — DI (21)
These are functions which are zero when the diatomic distances 7 ;x (X = H, F) are zero,
and increase in magnitude to a maximum of gy jx at ryjx = rI?iX as r;x Increases. For

larger values of ry jx the functions decrease in magnitude at a rate determined by

exponential.
The magnitudes of isolated diatomic coupling terms are reduced by the approach

of the remaining atom,

0
U (R) =Urin (rLin)PuE,1 HF) P LiF (7LiF)

+ULir (Lip))®HE 2 (HE)P Lin (Lin)-

(22)

The functions @y 1, Py i, Pyr 2, and Py are given by



S—-9

Dy, (rgr) = % + %tanh % , (23)
Opip(rLip) = % + %taﬂh % ; (24)
D yp,» (ryr) =%+%tanh%, (25)
@iy (i) = % + %tanh%. (26)

The values of the parameters used in the U}, potential matrix element are given in

Table 2.

2.3. LiFH Uy, surface
The U,, potential energy surface explicitly contains long-range interactions in the
Li(2p) + HF and LiF + H asymptotes as a correction to the interaction potential,
Upn(R)=Us(R)+UZ (R). @7
The long-range forces U 2L2R are described in Sec. 2.4. The interaction potential U %2 isa
modified3 London-Eyring-Polanyi-Sato (LEPS)#-6 form,

UL (R) = J i1 (R) + Jp (R) + J i (R)

(28)
- %\/W(R) +Z(R)* + DSy
where
W(R) = (Kp i (R)— Kyp(R)? + (K (R) - K (R))? 9)

2
+(KLip (R) = Kin(R)™.
The functions J, and K, (o= LiH, HF, and LiF) are functions of diatomic singlet S, and

triplet 7', functions

Ja(R) = (S4(R)+T5(R)), (30)

Kg(R) = (S (R) =T, (R)).. (1)

The expression
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Z(R) = ¢ exp[—copW (R) = coc (ryF + 7Lin + 7LiF)] (32)
1s a necessary to remove a cusp that would otherwise occur in Eq. (28) when W(R) goes

to zero.

The LiH singlet curve is the sum of two repulsive curves, one of which is present

only when the LiH diatom is interacting with F,

SLin(R) =87 (i) + ST i (i) P Lin (R) (33)
L1H (rLin) = DLIH LlH(rLlH) +DL1H LiH ("Lin) (34)
XP i) = expl-BR (i — )] (35)
€ Oin) = DE oy expl=BE o (L — 7o)l (36)

LiH \"LiH LiH LiH \'LiH — "1 ijg />

X (R) = pr
@iy (R) = -~ L tanh Lin(R) ~ PLin , (37)
2 2 Arin

g R) = rLig — rLiF + YLiH HF- (38)

The LiH triplet is a modified anti-Morse curve,

2 t 2 tl t
Trip(rLin) = DiinXiig (rLig)” + DXt ("Lin) » (39)
X1 Oiin) = expl=B i OLin = )] (40)

The asymptotic HF singlet is similar to the form used for the U potential matrix

element but shifted upwards by the excitation energy of Li. The singlet is cut off such

that the U} and U,, surfaces are equal at large ryp,

Stie (rar) = SHE (rar) +[Str (ae) — SHAF (up) 1P e (FaE) » (41)
Stir (rur) = Die X fir (rup)[X e (i) — 21+ Evi2p) » (42)

Xtir (rar) = expl=Bir (ur) (e = 71)] (43)



0 1 0 2 0 \2
Prir (rur) = bur + bur (rgr — raE) + biF ('aF — 'HE)
SHF (rar) = DEEX i (rap) X GF (rap) — 21,

X1 (rur) = exp[— B (up)(HE — 71HF)]
I 1 FHE—PH
(I)%—IF (I’HF ) = E - E tanh(%pHF] .
HF
Additional flexibility was added to the HF singlet in the interaction region

Sur(R) = Sfr(R) +[S{ir (rup) — SHF(R)IP »E (rLiF)

where

Stir (R) = Diip (R) X fip (rup)[ X fip (ip) — 21PFie (rap) + ELic2p) »

i
Dfip (R) = Dfi ~[Dir +3 Diir (1-cosOLipn)].
I 1 "HF — PF
(I)%IF(FHF):———tanh HF—pHF ,
2 2 AYr

11 "LiF — PHF
D 7 ip) = —+—tanh| =25 R
HF ("LiF) 2 5 ( -

and G ;py 1s the Li-F-H bond angle.

The HF triplet contains angular dependence,

180

1 1
Typ(R) = T}?F(”HF)EU"‘COSHUFH) +Tr (rap) 5 (1= cosOpipn) »

where
Tyir (e ) = DﬁzﬁoXIt»ig (rie)” + DItJIﬁOXIt»ig ("uF) >
Tk (ree) = Di ™ X g™ (re)” + Digg ™ X g™ ()
X it (e ) = exp[—Biip (riar — rip)]

t,180 _ t,180 t
Xpp (up) =expl=Bar - (ar — )]s
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(44)

(45)

(46)

(47)

(48)

(49)

(50)

(1)

(52)

(33)

(54)

(55)

(56)

(57)



The LiF singlet curve is given by

SLir (R) = STip(R) +[STip (R) = STir (R)]® | ;z(R).

The asymptotic term is based on the RKR data of Ref. 7 and on the ab initio data

presented in Sec. II, and it is given by

Stip(R) = [(DfiF + ELip)) X [ RIX [ p(R) =21+ Eja ) | @i (R),

where

L1F (R) = exp[- 'BL F (R)(rLiF — LiF )],

I 1 7 P
q)iiF(R):(z 2t hu][dLlF—i_(l diip) P (rar) s

LiF

aa
LiF

. NLiF
Brir (rLip) + (FL%UF j
nLE
pre )+t |
VLiF

Brir(R) = BLir (ruip) +[BLir — Bir (L IOV (R),

_ paa
ﬁFUhF)=(%A~%mnhﬁﬂL_Bg£J,

Biir(R) = Bl (R)

q)EiF (R) = (% — %tanh Jj 5 (l + COS QLIFH )

A LiF

e2
brirrLip

€ _ el
Brie(rLip) = brip + 5
(bLlF + bLlFr LIF)

The form of the LiF singlet in the presence of H is

St (R) = [Df i (R)+ Ey 5, 1X i (R[4 (R) - 21,

1 1
Dfir(R) = Df;} 5 (I+cosbypy) + DEIIFSO (I1=cosbpipy),

(58)

(59)

(60)

(61)

(62)

(63)

(64)

(65)

(66)

(67)

(68)



XLip(R) = expl=Ap R)Lie ~rip)]. (69)
1 1
Biir(R) = Bl 5 (I +cosbypy) + Brp" 5 (1=c0osbpipy). (70)

The asymptotic and close forms of the LiF singlet are joined together with a switching

function that incorporates angular dependence

i (R) =~ — Lo 21 R). (1)
2 2 Arir(R)

PLir(R) = (riF — rup) cos @pip (R) = (o i (R) = rip)sin g ip(R),  (72)

X 1
PLir(R) = prir +(PLiF — PLiF) 5 (I=cosbyirn), (73)
1
OLir(R) = OLir +(BLir —OLir) 5 (1= cosOLipn) (74)
1
ALir(R) = ALy + (AL — Alip) 5 (1= cosOpipy) (75)

The LiF triplet potential is a modified anti-Morse curve,

Tip(R) = Tp (riip) % (1+cos O ey ) + T ¥ (riip) % (1-cosOpipy ), (76)
Tiir (riie) = D X e (Lie)” + Diii X i (ie) (77)

TLF (i) = D X e (i) + Dy X e (ie) (78)

X P (riip) = expl-BLik (e — 15e)], (79)

X0 (ruip) = exp[- B (e — 1)1 (80)

The values of the parameters used in the U,, potential matrix element are given in

Table 3.



2.4. Long-range forces

Long-range interactions8-10 were explicitly included in the U} and U,, surfaces
as shown in Eqgs. (1) and (27). The U;; surface contains the dipole-induced-dipole and

dispersion interactions in the Li(2s) + HF arrangement,

i
U (R) = U R (R)+ U1 (R) (81)

where the dispersion interactions are given by the London equation,3-

ydiso my-_3 I'Lis)IHFOLi(25)0HF (R) OLi,HF
Ui ar(R) = ) 7 i 7
Li(2s) T {HF QLi,HF + Sll HF (82)

disp
X @1y ar RKy yp HE):
where /4 is the ionization potential for species A, oy is the polarizability of species A,
O 1s the magnitude of the translational Jacobi coordinate, i.e., O ; gr = [QLi HFl,

where Qp ; g is the vector from Li to the center of mass of HF. The polarizability of HF

includes angular dependence,

L2 2
ayr(R) = ofF sin” y1; gr +05|1‘{F COS™ YLi,HF> (83)

where 71 ; gF is Jacobi angle, i.e., the angle between the translational Jacobi vector
Qi gr and the diatomic Jacobi vector from H to F. The angular dependence is cut off in

the interaction region,

di
SR (R) =1+ (Lo + 2 )/ (RO~ 1expl Qi /S ) 1. (89)
The dipole-induced-dipole interaction is given by

OLi,HF

7
+Siur (85)

d d
U | 1,HF R)= __(3 cos? XLi,HF t 1)05L1(2S):u]-11: (rHF)
O1inr

did
X @) p (R)K ) e (HE),

where the angular dependence is cut off in the interaction region,

o L (R) =1+ (52305 71 + D1~ 1)expl=(OLinr /Si1ue)* T (86)
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and the dipole moment of HF, iy, is taken from Ref. 11. Both long-range interactions

are cut off for large values of ryp,

1 1
Ki1,ur(rar) = 5 _Etanh[(’”HF - ”101,HF)/A11,HF] : (87)

The U,, surface contains the dipole-quadrupole, quadrupole-quadrupole, dipole-
induced-dipole, and dispersion interactions in the Li(2p) + HF arrangement, and the

dipole-induced-dipole and dispersion interactions in the LiF + H arrangement,

d di 1
UIRR) = US55 i (R)+USS e (R)+ USSR L (R) + Ugéd +(R)

p o 22,HF ,H (88)
isp i
+Up Lip(R)+U5 1 ip(R).
The dipole-quadrupole interaction is given by
d 3 OLi,HF
Uy up(R) = 2 HurUHF)O (2 ) COS XL HF —3 &3
Li,HF T 222, HF (89)
dq
XD 1r (R)Ky) i (THE )
where © , is the quadrupole moment of species A. The angular dependence of the
dipole-quadrupole interaction is cut off in the interaction region,
d 4
X zg,HF (R) = exp[—(QLi,uF / S22,uF) |- (90)
The quadrupole-quadrupole interaction is given by
3 2 OLi,HF
UgngF R) = ZGHF (rHF)QLi(zp) (3—"7cos ZLi,HF) 6 - 6
o S
LiHF " ®22,HF (91)

XD 1r(R)K ) 1r (rhF):
where the quadrupole moment of HF is dependent on 7 and is taken from Ref. 12. The
angular dependence of the dipole-quadrupole interaction is cut off in the interaction
region,
O p(R)=1-[1/(6-14 cos” yrinr) +1expl~(Qrinr /S mp) '], (92)

The dispersion interaction is given by the London equation,



3 1LiepIaraviep) (R)ayr (R) OLi,HF
. 7 7
2 Lip) +1ur Orinr t522,0F (93)

disp
X(Dzz 1r (R)K ) yp (ar),

The polarizability of Li(2p) includes angular dependence,

L ) 2
aLip)(R) =aq; ) SIN™ YLiHF + aii(z ) 08" XLi,HF - (94)

The angular dependence is cut off in the interaction region,

SR (R) = |[Lorte + 2l L oty + 28] 0, VietHE (R i (RO])1 J(%)

X exp[—(OLi nr / SZZ,HF) ]+1.

The dipole-induced-dipole interaction is given by

did 1 2 2 OLi,HF
UZE,HF (R) = _E (3cos ALi,HF T 1)OfLi(Zp) (R)Il'lHF (VHF ) 7 o7
LiHF TP2,HF  (96)
X cI)czhdeF (R)K», pp (raF);

where the angular dependence is cut off in the interaction region,

@dldHF<R)—1+([5[ i) + 200 V1200132 p) (R)Beos” i pip + DI 1)

97)
X exp[—(OLi HF /Sll,HF) 1.
The Li(2p) + HF long-range interactions are cut off for large values of ryp,
I 1 0
K2 wr(rar) = 5 Etanh[(VHF —7.ur)/ A22,HF]- (98)

The dispersion interaction in the LiF + H arrangement is given by the London

equation,

USSP (R) = 3 Iyplpavran Koo, LirCLip)

U LiF ) (99)
1 2 Iupt+iy QI?ILF+S262 LiF

where Oy 1 iF 1s the magnitude of the translational Jacobi coordinate in the LiF + H
arrangement, i.e., O 1 iF 18 the magnitude of the vector from H to the center of mass of

LiF. The masses of Li and F are therefore parameters of the fit are given in Table 1. The

dipole-induced-dipole interaction is given by



2 2
did 1 (3cos” yu,Lir Doty ir (i)™ . did
U22,LiF (R)= _5 6 6 q)22,LiF (R)K22,LiF (rLip), (100)
On,LIF + 52 LiF

where yy 1 iF is Jacobi angle in the LiF + H arrangement, i.e., the angle between the
translational Jacobi vector Qy 1 jr and the diatomic Jacobi vector from Li to F. The

dipole moment of LiF is based on the data in Ref. 13 and is given by

D 2
HLiF = Hiip eXp[—ﬂffiF (rLiF — 'UI}:iF) IB (101)
0 1 8 8
ML (rLip) = Mg + 1 EmLiE (LiE) + 2L em e (L) (102)
0
MLiF = TLiF — M ig- (103)

The angular dependence is cut off in the interaction region,
@did (R)—1+([5/(3cos2 : +1)]—1) - 2 /Sy 1ip) ], (104
22, LiF ) = XH,LiF exp[—(On,Lir / S22,LiF) 1. (104)
The LiF + H long-range interactions are cut off for large values of 7 ;f,
1 1 0
Koo Lir(rLinr) = 5 Etanh[(’”LiF ~ 7y Lip)/ A2, LiF]- (105)

The parameters used for the long-range interactions are given in Table 4.
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3. Quasidiabatic potential energy matrix for LiFH: Surface fit JS

The surface fit described in Sec. 2 (surface fit J) is our most accurate fit to the
LiFH ab initio data. Surface fit J contains long-range interactions that are based on
physically motivated functional forms and that depend on physical properties such as the
polarizabilities and multipole moments of the H and Li atoms and of the HF and LiF
molecules. We believe that surface fit J is extremely accurate; however, the presence of
long-range forces may increase the computational effort required to obtain converged
nuclear dynamics for both quantum mechanical and semiclassical simulations. We
therefore present as a complement to surface fit J, surface fit JS, which features cut-off
long-range forces. The long-range forces were cut off in such a way as to minimize the
change to the interaction region, as discussed below. We also carefully cut off the

diabatic coupling U, in surface fit JS. The diabatic coupling is cut off in a region where

the coupling is not expected to play a significant role in the dynamics, and this feature

also decreases the difficulty of dynamics calculations.

The diagonal quasidiabatic matrix elements of surface fit JS (U 1J lS and U %g) are
identical to those of surface fit J, except that the long-range terms are cut off,

UPR)=U{R)+UPR), (106)

Ul (R) = UL (RO nr) (107)

U R = 8 R+ U3 (R + U (R) U8 )] €0

di did
+ [Uzés,liiF (R)+Up 5 (R)-]Q(QH,LiF)’

where i =1 and 2, O pc is the magnitude of the translational Jacobi coordinate in the

(108)

A + BC molecular arrangement, and the interaction potential U iIl- (R) and the long-range

forces are the same as those that were given for surface fit J in Sec. 2. The cut off
functions are
exp[Ag /(Oa,Bc —CQa)] Oa,BC =00

0 Oa,BC > 90,

where “A,BC” is “Li,HF” or “H,LiF”. Note that the cut off function in Eq. (109) goes

Q(Op,BC) = { (109)

exactly to zero at O and has an infinite number of continuous derivatives for all



S-19

Oa.Bc- The values for the cut off parameters are O =10.0 ag and Ag = 0.2 a,.

These values were optimized such that surface fit JS remained smooth and the mean
unsigned errors calculated for surface fit JS were no more than 0.001 eV greater than

those reported for surface fit J in Table VIII of the main paper.

The diabatic coupling (U lst) was also cut off in surface fit JS,
Uiy (R) =Up (R)Z () (110)
where U, is the diabatic coupling of surface fit J and is given in Sec. 2, and
- 1 1
:("HF)=5—§taHh[(FHF —r=)/Ag]. (111)

The parameters for the cut off function are rz = 5.5 ajand Az =0.2 ay. This cut off

function does not significantly effect the mean unsigned errors for surface fit JS.
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5. Tables
TABLE 1. Values of the parameters used in the LiFH Uy potential energy function.

Parameter Value Parameter Value
Di 12.93744 ¢V " 2.1042 a
Df iy 11.09130 eV "SF 1.6739 a,
B 1.80587 ap’ Jir 0.74633 ag'
i 121114 aj' Df% 0.86608 eV
" 134321 a Dfft 0.34457 eV
PLiH 1.07143 a, PHF 1.63 ag
ALy 0.6 ag Ayp 2.9941 a
Hin 0.4 Dy 0.17427 eV
DS 6.122 eV B 1.49062 ap’
i 1733 ag . 3.6 2
bl 1.1622 ap' mp; 7.016003 amu¢
blip ~0.025647 a? mg 18.998403 amu
biig 0.059062 aj> my 1.007825 amu

@] amu = 1822.887 m,,.
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TABLE 2. Values of the parameters used in the LiFH Uy, potential energy function.

Parameter Value Parameter Value
o1 4.87097 ay PHE 2 1.45161 a
Aps 2.0 ag AHF.1 1.75806 aj
gL 127742 eV AnE2 0.98387 a
SLiF 0.48 eV PLIE 2.00098 a
i 3.00489 a, ALiF 0.90626 a,
. 3.49756 a, PLIE 4.98436 a,

PHEF,1 1.15484 a Arig 2.08993 a,
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TABLE 3. Values of the parameters used in the LiFH U,, potential energy

function.
Parameter Value Parameter Value
C2a 3.5eV D' 4.56304985 eV
ap 0.27362 V-2 o 2.4105572 ap’!
e 0.15 ag! 4180 1.4046921 ag!
D, 432258 eV " 1.61329423 a,
DM, 7.06452 eV Dfi 5.947 eV
Bl 1.36 ag' i 2.9553 a
Di 14.74194 eV Prir 13.0 a,
B 0.90667 ap' SF 0.5 ag
i 122 i 1.0243998
PLil 0.72 ag pia 3.340762 a
ALin 0.5 ag aa 0.56353861 a,
Yin 1.0 hir 4.6304985 a gt/ LiF
DZy 1.1935483 eV nLip 8.0
DL, 13.548387 eV 4 0.13225806 ap!
Bl 241319648 ag'  ply 3.382209 aj
o 1.203323 a, AS 0.4947214 aj!
DS 6.122 eV el 0.064076 ay'!
Eriop) 1.848 eV b 103.57
rSp 1.733 a, bE3: 4.6498 a?
bE 1.1622 ay’ b 7.0489 a,



aa

Biik

aa
THF

a
PHF

a

HF
Diir

chi
Dgp

C
PHF

~0.025647 a2 DY
0.059062 ag> DS
2.1042 a, o0
23841642 eV c180
1 0
1.799609 ag PLiF
1.60215 ag pLiy
0
3.0 a PLiF
0.5 2 i

0
0.72629521 eV Alip

180
0.0486803519 eV Ar

223 DY
0.5 a, Dﬁlﬁ?
1.00293 a, DY
4.0899 a, D%
1.4242424 eV o
14.203323 eV L0

6.15835777 eV
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5.5904203 eV
2.352884 ¢V
0.7795699 aj'
0.8196480 aj'
0.2017595 ay
2.0 ay
0.12463343 rad
0.14907135 rad
0.51710655 ag'
0.43695014 aj'

0.0552298 eV

1.8729228 eV
0.94662756 ¢V
0.2994134 ¢V
0.9519061 ap'

0.4531769 ap!




TABLE 4. Values of the parameters used in the long-range interactions.

Parameter Value Parameter Value
ILis) 5.392 eVa A2 HF 2.0 ag
Tyg 16.044 cVa I 113eVa
oLis) 165.0 apb Iy 13.598 eV
S11.HF 6.0 ag oL 72.9 ajd
i 459 a3 © oy 4.4997 aja
i 5.10 a3 ¢ S22, LiF 7.0 a
") Hp 3.0 ag Hp 9.30039 e ag
Al LHF 2.0 ag . 10.4994 a,
OLi2p) 11.1 e adb T 0.02435 ag'
S22.HF 6.0 ag i 0.015999 ay>
ILiap) 3.544 ¢Va i 9.9355x 108 a’
i) 129.0 a3 b m. 4.471959 ag
i) 131.0 a} b I3y LiF 4.5
Fa HF 3.0 ag Ay LiF 2.0 ag

aReference 14.
bReference 15.

¢Reference 16.
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