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	Characteristic
	Transfer of atomic (atomic axial and polar tensors, dipolar, quadrupolar and magnetic polarizabilities) and diatomic (second energy derivatives) molecular properties. Partial transfer of cubic and quartic force constants was also implemented. Typically, the parameters are calculated at a higher level on a smaller system and implanted into the target larger system/molecule.

	Technical
	Self-standing Fortran code (cctn.f), ~2000 lines, based on cct.f but extended by fragment naming.

	Input
	Target 
BIG.X coordinates, force field BIG. FC,  APT and AAT tensors BIG.TEN, Raman and ROA polarizabilities BIG.TTT, cubic force constants BIG.33, semidiagonal quartic force constants BIG.44, two-atomic quartic force constants BIG.36, three-atomic quartic force constants BIG.37, dynamic polarizabilities BIG.SOS.

Source 

Source parameters are named analogously (SMALL.X, SMALL. FC, etc.)

If LNAMES then named source fragments with the corresponding extensions (.x, .fc, etc. - note that small letters are used) are used instead.
Main Options

Options are specified in CCT.INP. Most important:
LNAMES use named (usually multiple) source fragments
LABS transfer atomic polar tensors, for IR absorption
LVCD transfer atomic axial tensors, for VCD
LRAM transfer polarizability, for Raman intensities
LROA transfer higher polarizabilities, for Raman intensities
LDIA transfer diagonal part of the force field
LOFF transfer off-diagonal part of the force field

LXX3 transfer cubic constants (third energy derivatives)
LXX4 transfer quartic constants (fourth energy derivatives, diagonal only)

L36 transfer two-atomic quartic constants, all
L37 transfer three-atomic quartic constants, all

LSOS transfer of dynamic polarizabilities
POLYMER after this keyword, the overlap atomic map must be specified

	Output
	Target final coordinates BIG.X, force field BIG. FC, APT and AAT tensors BIG.TEN, Raman and ROA polarizabilities BIG.TTT.
Control print in CCT.OUT.


All options
ALIM      
limit for anharmonic constants

ALPH

(10-3 def) stabilization constant for FGRAD decomposition
CUTOFF
Distance cutoff [Å] for FF transfer

EFC

0 (default) .. threshold for AFILE.FC selection
FGRAD

transform gradient in the fragments to pairwise interactions before transfer
IFC

0 (default) .. FILE.FC
1 .. AFILE.FC (compressed format based either on the CUTOFF or EFC)

IWG

if IWG=0 best overlap used only



if IWG=1 overlap weighing

IOPOL

0 .. no polarizability correction of derivatives



1 .. non-overlapped fragments only (default)


2 .. all 
IWEIGHTS
polarizability distributed according WEIGHTS.TXT



|IWEIGHTS| = 0 (def) .. do not use weights



|IWEIGHTS| = 1 
   .. real



|IWEIGHTS| = 2
   .. imaginary

            if IWEIGHTS < 0, read it for all frequencies

LABS

Eletric dipole derivatives (APT)transferred for IR absorption
LALF     
construct G' and A from electric polarizability
LAPT     
construct atomic axial tensor from atomic polar tensor
LVCD

Magnetic dipole derivatives (AAT) transferred for VCD

LDATOM
For polarizability derivatives corrections use distances from differentiated atom, otherwise group positions
LDIA 

Diagonal force field transferred
LGRAD

if true transfer gradients
LHALTONERROR
Stop the program on error
LINV

Make enantiomers from smaller fragments (obsolete option) 

LMPT     
Use matrix perturbation theory for sos
LMUT     
Correction of polarizability for mutual group interaction
LNAMES
Named small fragments
LOFF

Off-diagonal FF transferred      

LQ      
charge center (vs geometry center), for pol interaction:
LRAM

Raman parameters (( der)transferred

LRDO     
Alpha from SMALL_ALPHA.TTT for small
LROA

ROA parameters (G', A der) transferred

LSELECT
Set FC for non-transformed atoms to 0

LSOS     
Transfer of dynamic polarizabilities
LSTRICT
Only transformed atoms in the beds 
LWR 

extensive writing to the CCT.OUT output
LXX3
     
Transfer cubic force field
LXX4     
Transfer quartic force field:
L36     
Transfer two/three atomic anharmonic FF:
L37     
use the L37 (three-atomic) indexing also for L36 (two-atomic)
N1N2 

atom interval
okind

if okind=0 fragment weighing based on center distances


if okind=1 fragment weighing based on RMS deviations


if okind=2 fragment weighing based on RMS molecular deviations OLDFORM
20i3 format for atom map
SGRAD

if true make sum of gradients from all fragments

After the pervious options, one of these two is compulsory:

NOPOLYM 
outdated definition of the overlap:
POLYMER     automatic definition of overlap:
if SMALL.POL or a named .pol file exists with static polarizability, this is used for polarizability transfer and Raman and ROA tensor derivative correction

Fragments Properties

	Property
	Named
	Generic
	Final

	geometry
	name.x
	BIG.X
	BIG.X

	APT, AAT
	name.ten
	BIG.TEN
	BIG.TEN

	Raman, ROA dervs.
	name.ttt
	BIG.TTT
	BIG.TTT

	polarizability (
	name.pol
	BIG.POL
	BIG.POL

	polarizability G'
	name.g.pol
	BIG.G.POL
	BIG.G.POL

	polarizability A
	name.a.pol
	BIG.A.POL
	BIG.A.POL

	Force Field
	name.fc
	BIG.FC
	BIG.FC

	cijk FF
	name.33
	BIG.33
	BIG.33

	diijk FF
	name.44
	BIG.44
	BIG.44

	two-atomic dijkl FF
	name.36
	BIG.36
	BIG.36

	three-atomic dijkl FF
	name.37
	BIG.37
	BIG.37


Frequency-dependent polarizability transfer

1) calculate TDDFT, e.g.

#b3lyp/6-31G** td=(singlets,nstates=100) iop(2/11=1)  nosymm  Geom=(NoDistance,NoAngle)
Note than early versions of G09 do not list quadrupole transitions moments in the output.

2) call guvcde, with GUVCDE.OPT, e.g.

FILE

1.out

ZMAT

t

WDEN

222

LDEN

t

LWEI

t
LWEE   .. weights for each density – optional, slows down the calculation

t
3) make the usual BIG.X, SMALL.X (or named “small”.x) and SMALL.SOS (.sos), WEIGHTS.TXT
Remark to the transfer of gradients with FGRAD = true
Gradient at atom i is expanded to contributions along unit vectors pointing towards all other atoms in the fragment 
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Usually, the problem has more (() solutions, so we want some with small coefficients gij. Therefore, we minimize


[image: image5.wmf]min

)

(

2

2

,

0

®

+

-

=

å

å

¹

¹

Nat

i

j

ij

ij

Nat

i

j

ij

i

g

g

a

d

s

G

,
where ( is an arbitrary constant (but because there are many solutions, the result does not much depend on ( when it is small). Putting the derivative to zero, we get
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i.e. matrix equation for gij
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, and the solution is
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During the transfer, same matrix for an ij pair (i ( j) is used as for the force field, both values (0 and 1) of the IWG option are allowed. The default value of ( (10-3) can be changed by the ALPH keyword.
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