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ENVIRON: INTRODUCTION

OUTLINE

▸ Introduction to Continuum Embedding 

▸ Ingredients 

▸ Continuum 

▸ Interface 

▸ Interactions 

▸ Numerical Solvers 

▸ Recipes



ENVIRON: INTRODUCTION

DEALING WITH COMPLEXITY

▸ Democratic approaches (see tomorrow’s session) 

▸ Hierarchical approaches 

▸ Atomistic (QM/MM, DE, ONIOM, …)



▸ Hierarchical approaches 

▸ Continuum (PCM, 
COSMO, etc.) 

▸ Fast (high-throughput) 

▸ Versatile 

▸ Accurate (in the right 
conditions)

ENVIRON: INTRODUCTION

DEALING WITH COMPLEXITY



ENVIRON: INTRODUCTION

CONTINUUM GENEALOGY
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ENVIRON: INTRODUCTION

CONTINUUM EMBEDDINGS IN CONDENSED-MATTER
▸ Very active energy-related topic: catalysis, electro-catalysis, 

electro-chemistry, super-capacitors, batteries, solar, etc. 

▸ In Quantum ESPRESSO (Environ), Big-DFT, FHI-AIMS, VASP 
(VaspSol), ONETEP (DL_MG), CP2K, GPAW, JDFT-x

Andreussi and Fisicaro, tutorial review 
accepted on Int. J. Quantum Chem. 
(2018). Open Access!



ENVIRON: INGREDIENTS

INGREDIENTS

▸ Continuum 

▸ Interface 

▸ Interactions 

▸ Numerical Solver



INGREDIENTS: CONTINUUM

CONTINUUM

▸ Liquid 

▸ Pressure medium 

▸ Electrolyte 

▸ Nanoparticle 

▸ …

O. Andreussi, A. Biancardi, S. Corni and 
B. Mennucci, Nano Lett. 13, 4475 (2013) 
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INTERFACE

▸ Simple or complex 

▸ Sharp or smooth 

▸ Fixed or based on electrons or ions 
or both 

▸ Local or non-local 

▸ Single or multiple 

▸ …



INGREDIENTS: INTERFACE

ELECTRONIC INTERFACE

2 parameters

2 parameters

J.-L. Fattebert and F. Gygi, J. Comput. Chem. 23, 
662, (2002) 
J.-L. Fattebert and F. Gygi, Int. J. Quantum Chem. 
93, 139 (2003)

O. Andreussi, I. Dabo and N. Marzari, 
J. Chem. Phys. 136, 064102 (2012)



INGREDIENTS: INTERFACE

IONIC INTERFACE

• Analytic derivatives 

• Stable 

• Atom-dependent 
parametrization 

• UFF atomic radii 

• Uniform scaling 

• Smoothing

Electronic Ionic

Giuseppe Fisicaro, et al. J. Chem. Theory Comput. 13, 3829 (2017)



INGREDIENTS: INTERFACE

SOLVENT-AWARE INTERFACE

• Augment the solute interface by a non-
local term, that contains information on 
how much empty volume is around 

• Smooth differentiable expression 

• Extra parameters: from geometrical 
considerations or tuned to experiments

smooth  
spherical function

smooth function

filled fraction

Andreussi et al. JCTC (2019)



INGREDIENTS: INTERACTIONS

INTERACTIONS
▸ Electrostatic 

▸ Dielectric screening (dipolar) 

▸ Coulomb interaction 
(monopole) 

▸ Pressure 

▸ Cavitation 

▸ Dispersion 

▸ Repulsion 

▸ Specific (hydrogen bonds, 
chemical bonds, etc.) 

▸ …



▸ Pressurizing medium (Enthalpy functional)

INGREDIENTS: INTERACTIONS

VOLUME

M. Cococcioni, et al. PRL 94, 145501 (2005) 



▸ Cavitation, repulsion

INGREDIENTS: INTERACTIONS

SURFACE

M. Cococcioni, et al. PRL 94, 145501 (2005) 
D. Scherlis, et al. J. Chem. Phys. 124, 74103 (2006)



▸ Polarizable dielectric medium

INGREDIENTS: INTERACTIONS

DIELECTRIC SCREENING

Generalized Poisson Equation (GPE)

J.-L. Fattebert and F. Gygi, J. Comput. Chem. 23, 662, (2002) 
J.-L. Fattebert and F. Gygi, Int. J. Quantum Chem. 93, 139 (2003)



▸ Reshuffling of GPE

INGREDIENTS: INTERACTIONS

POLARIZATION CHARGE

O. Andreussi, I. Dabo and N. Marzari, 
J. Chem. Phys. 136, 064102 (2012)



INGREDIENTS: INTERACTIONS

ELECTROLYTE

▸ Separate interface 

▸ Neutralizing distribution of 
counter-ions in solution:  

▸ Study of charged slabs 

▸ Study of applied 
electrochemical potentials

I. Borukov, D. Adelman and H. Orland PRL 79, 
435 (1997) 
Dabo et al. arXiv:0901.0096 (2008) 
R. Jinnouchi and A.B. Andreson, PRB 77, 
245417 (2008)



▸ Ionic species in solution

INGREDIENTS: INTERACTIONS

ELECTROLYTE



INGREDIENTS: NUMERICAL SOLVER

NUMERICAL SOLVER

▸ Bi-directional interactions are usually 
associated with non-analytic partial 
differential equations (GPE, PBE, 
MPBE, LPBE, etc.) 

▸ Boundary Element Methods 

▸ Domain decomposition 

▸ Multigrid 

▸ Gradient descent coupled with 
vacuum Poisson solver (FFT, 
wavelets, etc.) 

▸ …



INGREDIENTS: NUMERICAL SOLVER

IMPROVED PRECONDITIONED SCHEME
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ALGORITHM 1. Self-consistent (SC) iterative procedure.

1: set ⇢iter
0

2: for k = 0,1, . . .do
3: ⇢tot

k = ⇢/✏+⇢iter
k

4: solve r2�k =�4⇡⇢tot
k

5: ⇢iter
k+1=

1
4⇡ rln✏ ·r�k

6: ⇢iter
k+1=⌘⇢

iter
k+1+ (1�⌘)⇢iter

k

7: rk+1= ⇢
iter
k+1�⇢iter

k

8: end for

A. Self-consistent iterative procedure

A strategy to solve the GPe for a given charge density
⇢(r) is by means of a SC iterative procedure.15 Applying
simple algebraic manipulations, Eq. (3) can be rewritten as

r2�(r) = �4⇡
"
⇢(r)
✏(r) + ⇢iter(r)

#
= �4⇡

⇥
⇢(r) + ⇢pol(r)

⇤
, (8)

where ⇢pol(r) is the polarization charge density. In this
approach, an extra-term ⇢iter(r),

⇢iter(r) = 1
4⇡
r ln ✏(r) · r�(r) (9)

induced by the spatially varying dielectric function ✏(r) is
added as a source to the charge density of the ordinary Poisson
equation. Hence, the GPe can be solved by a self-consistent
loop on the potential �(r), obtained by a SPe solver onto
the second member of Eq. (8). The residual rk, quantifying
the convergence, is the di↵erence between the extra terms of
Eq. (9) between subsequent iterations. Algorithm 1 describes
the procedure. This approach requires a finite di↵erence filter
to be applied at step 5. In order to stabilize the iterative
method, a linear mixing of the extra-term ⇢iter(r) at steps
kth and (k + 1)th has been introduced tuned by means of the
mixing parameter ⌘.

The polarization charge induced in the dielectric medium
can be easily related to the extra-term of Eq. (9),

⇢pol(r) = ⇢iter(r) + 1 � ✏(r)
✏(r) ⇢(r). (10)

This charge represents the response of the surrounding implicit
dielectric. It lies in the transition region between the inner and
outside parts of the cavity and stabilizes the solute density
enveloped by the solvent.

B. Preconditioned conjugate gradient

Although a reasonably small number of iterations can be
obtained in a self-consistent scheme, minimization techniques
can produce more e�cient methods to handle Eq. (3) if
sophisticated schemes are utilized. In addition, the formulation
as a minimization problem would allow to better control the
convergence behavior.

Solving this equation with a preconditioned steepest
descent (PSD) method is essentially identical to the self-
consistency approach of Sec. II A, once a standard Poisson
solver is taken as preconditioner. In particular, a good
preconditioner for a PSD minimization, whose inverse applied

ALGORITHM 2. Preconditioned conjugate gradient (PCG).

1: r0=�4⇡⇢�A�0, p�1= 0
2: for k = 0,1, . . .do
3: vk = P�1rk

4: pk = vk+�kpk�1 (where �k =
(vk,rk)

(vk�1,rk�1)
, k , 0)

5: ↵k =
(vk,rk)

(pk,Apk)
6: �k+1=�k+↵kpk

7: rk+1= rk�↵kApk

8: end for

to a residual vector rk provides the preconditioned residual vk,
is as follows:

PSDvk(r) = ✏(r)r2vk(r) = �4⇡rk(r). (11)

Being the Laplacian of vk(r) related to the residual vector
rk by means of Eq. (11), the generalized Poisson operator
becomes

Avk(r) = r · ✏(r)rvk(r) = r✏(r) · rvk(r) � 4⇡rk(r). (12)

Such a PSD approach can be described by Algorithm 2
with �k = 0. Fixing ↵k = 1, it corresponds to the previously
described self-consistent approach.

In a PSD scheme, the number of iterations l needed
for convergence is proportional to the condition number 
(i.e., the ratio between the largest and the smallest eigenvalue
of the product operator P�1A). Minimization methods with
a faster convergence rate than the preconditioned steepest
descent algorithm can significantly improve the convergence
speed.

We use a preconditioned conjugate gradient scheme,
where l / p. In such minimization procedure, a good
preconditioner can lower  and, therefore, the overall number
of iterations. Algorithm 2 describes the implemented PCG
procedure to compute the electrostatic potential �(r) starting
from a given charge density ⇢(r). The minimization procedure
starts from an initial gradient r0 computed on an input guess
�0. P is the preconditioner whose inverse has to be applied
to the residual vector rk returning the preconditioned residual
vk, and, finally, �k is the solution of Eq. (3). The convergence
criterion is imposed on the Euclidean norm of the residual
vector rk.

Both the performance and accuracy in a PCG scheme
critically depend on the preconditioner chosen. We imple-
mented a preconditioner based on the solution of the standard
Poisson equation (namely, on a standard Poisson solver). Once
a residual vector rk is given at the step 3 of Algorithm 2, we
define a preconditioned residual from the following equation:

PCGvk(r) =
p
✏(r)r2[vk(r)

p
✏(r)] = �4⇡rk(r). (13)

This equation has to be solved with respect to vk(r) once rk(r)
is given.

In addition to speeding up the PCG procedure, the
preconditioner defined by Eq. (13) retains a further feature
which guarantees accuracy and fast performance for the whole
electrostatic solver. In step 7 of Algorithm 2, we have to apply
the generalized Poisson operator A to the preconditioned
residue pk, which means, thanks to step 4, applying it to vk.

287

288

289

290

291

292

293

294

295

296

297

298

299

300

301

302

303

304

305

306

307

308

309

310

311

312

313

314

315

316

317

318

319

320

321

322

323

324

325

326

327

328

329

330

331

332

333

334

335

336

337

338

339

340

341

342

343

344

345

346

347

348

349

350

351

352

353

354

355

356

357

358

359

360

361

362

363

364

365

366

367

368

369

370

371

372

373

374

375

376

377

378

379

380

381

382

383

384

385

000000-4 Fisicaro et al. J. Chem. Phys. 144, 000000 (2016)

Using a change of variable v 0k(r) =
p
✏(r)vk(r), the GPe

becomes

r · ✏(r)rvk(r) =
p
✏(r)r2v 0k(r) � v 0k(r)r2

p
✏(r). (14)

Now simple algebraic manipulations and Eq. (13) allow
to rewrite the generalized Poisson operator A as

Avk(r) = r · ✏(r)rvk(r) (15)
= �vk(r)q(r) � 4⇡rk(r), (16)

where q(r) =
p
✏(r)r2

p
✏(r) is calculated once at the

beginning of the PCG procedure and kept fixed for the
whole minimization loop. Therefore, thanks to the chosen
preconditioner, the action of the operator A can be simplified
to a simple multiplication between the potential vk(r) and
the vector q(r) related to the spatially varying dielectric
function ✏(r). This feature, which provides the exact operator
output, makes our PCG procedure robust and fast, avoiding
any finite di↵erence di↵erentiation. Furthermore, reducing
the PCG algorithm to simple vector operations makes its
parallelization straightforward, delegating it to the chosen SPe
solver. A similar discussion holds for the boundary conditions,
which enter in a natural way by means of the preconditioner,
i.e., through the solution of the ordinary Poisson equation,
both in the SC and PCG algorithms.

C. Numerical results

Both the self-consistent iterative procedure (Algorithm 1)
and the preconditioned conjugate gradient minimization
scheme (Algorithm 2) have been implemented and tested.
As SPe solver (step 4 of Algorithm 1 and step 3 of
Algorithm 2), we used the Interpolating Scaling Function
(ISF) Poisson solver, allowing to obtain highly accurate
electrostatic potentials for free, wire, surface, and periodic
boundary conditions at the cost of O(N log(N)) operations,
where N is the number of discretization points (see Ref. 14).

To test both solvers, analytic three dimensional functions
have been used. An orthorhombic grid of uniform mesh
spacing hgrid and (nx,ny,nz) points in each directions has been
used. Fig. 1 shows plots of these benchmark fields along a
particular direction passing through the box center and parallel
to the y axis. All functions depend on the radial distance r
from the center of the simulation domain.

A normalized Gaussian function has been chosen for the
electrostatic potential �(r) (red dashed line in Fig. 1) and
the charge density ⇢(r) has been derived from the chosen
potential and dielectric functions, applying the generalized
Poisson di↵erential operator of Eq. (6) (red dotted line). In
order to reproduce the dielectric environment typically tackled
in electrostatic problems where a solute system is embedded in
a solvent (i.e., a cavity where the majority of the atomic charge
density is confined), the error function 1 + (✏0 � 1)h(d0,�; r)
has been chosen to represent the spatially varying dielectric
constant ✏(r) (solid black line in Fig. 1), where

h(d0,�; r) = 1
2

"
1 + erf

 
r � d0

�

!#
. (17)

Here, � is a parameter which controls the transition region
(⇡4� wide) between the inner and external parts of the cavity

FIG. 1. Analytical three dimensional functions used as benchmark fields for
both SC and PCG solvers along a particular direction passing through the box
center and parallel to the y axis. Red dashed line: potential �(r); red dotted
line: charge density ⇢(r); black solid line: dielectric function ✏(r).

of radius d0, and ✏0 is the dielectric constant of the surrounding
medium. These benchmark functions have been used for both
free, surface and periodic boundary conditions.

To implement the nabla di↵erential operator needed for
Algorithm 1, central, forward and backward finite di↵erence
filters of order 16 have been used, which match the accuracy
of the underlying SPe solver. We remark that the use of these
finite di↵erence filters is not needed for Algorithm 2 as soon
as the vector q(r) of Eq. (16) is pre-calculated.

Fig. 2 shows solver performances. Top graphs report
the residual norm as function of the iteration number. The
residual norm is defined has the Euclidean norm of the
residual vector rk. Graphs in lower panel present the output
accuracy as a function of the iteration number. The accuracy
in the whole paper is defined as the maximum value of
the di↵erence between the final numerical solution and the
analytical potential. In this test case, a cubic box of length 10
a.u. has been chosen with nx = ny = nz = 300. The Gaussian
variance for the potential �(r)was � = 0.5, and the parameters
of ✏(r) were d0 = 1.7, � = 0.3, and ✏0 = 78.36 (all in a.u.).
The mixing parameter in step 6 of Algorithm 1 has been fixed
to be ⌘ = 0.6, resulting in a robust convergence for all cases.
Lower values slow down the convergence for the chosen test
functions.

The PCG solver (black squares) exhibits a faster
convergence with respect to the SC one (blue circles), reaching
an accuracy of ⇠10�10 with some ten iterations. Furthermore,
its behavior does not change with the boundary conditions as
is the case with the SC algorithm. It is worth remembering
that each PCG iteration involves only a single solution of the
ordinary Poisson equation and as well as of fully parallelizable
vector operations. If an accuracy of ⇠10�4 to 10�5 is enough,
then some five iterations solve the electrostatic problem. These
features make the developed PCG algorithm together with the
chosen preconditioner of Eq. (13) very e�cient for atomistic
calculations where the generalized Poisson equation needs to
be solved repeatedly. Performances of the implemented PCG
procedure are also higher than multigrid approaches to solve
the GPe, where a number of iterations between 17 and 25 are
needed to reach an accuracy of ⇠10�8.16

For the sake of completeness, the preconditioned steepest
descent scheme (Algorithm 2 with �k = 0) has been tested

G. Fisicaro, L. Genovese, O. Andreussi, 
N. Marzari and S. Goedecker, J. Chem. 
Phys. 144, 014103 (2016).



INGREDIENTS: NUMERICAL SOLVER

FFTS

▸ Fast, parallel, widespread 

▸ Periodic boundary conditions 
(PBC) artifacts 

▸ Makov-Payne 

▸ Point-countercharge 

▸ Martyna-Tuckerman

O. Andreussi and N. Marzari, PRB 90, 245101 (2014)
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RECIPES

▸ Model development level 

▸ Choose the continuum, choose 
the interface, choose the 
interactions 

▸ Tune the parameters 

▸ User level 

▸ Choose the solver 

▸ Choose an application 
(compatible with the parameters)



▸ Aqueous solutions 

▸ Electronic interface 

▸ Dielectric + Surface + Volume  

▸ Or Dielectric + Surface (2D systems) 

▸

RECIPES: SCCS

SELF-CONSISTENT CONTINUUM SOLVATION  (SCCS)

O. Andreussi, I. Dabo and N. Marzari, J. Chem. Phys. 136, 064102 (2012)



RECIPES: SCCS CHARGED

SCCS FOR CHARGED SPECIES

▸ Anions need a separate 
parameterization

ΔGsol,exp 

Δ
G

sol,sccs0 

-120 -110 -100 -90 -80 -70 -60 -50 -40 

-120 

-110 

-100 

-90 

-80 

-70 

-60 

-50 

C. Dupont, O. Andreussi and N. Marzari, J. Chem. Phys. 139, 214110 (2013)



RECIPES: SOFT-SPHERE

SOFT-SPHERE CONTINUUM SOLVATION
▸ Aqueous solutions 

▸ Ionic interface 

▸ Dielectric + Surface + Volume  

▸ Or Dielectric + Surface (2D systems)
solvation free energies are reported in Table 2 for the set of 274
neutrals. Data from the recent SM12 implementation39 have

been also included. In addition we tested the charge-dependent
sccs model implemented within the BigDFT package. Using
only two parameters (surface parametrization), the soft-sphere
model applied to the same data set lies in the same range of
accuracy. A careful tuning of atomic radii and/or a functional
dependence of Δ over the periodic table could further lower
the MAE and improve the whole accuracy.
3.2. Anions and Cations. In order to strictly validate the

soft-sphere model, we benchmarked it on a set of aqueous free
energies of solvation for 112 singly charged ions (60 anions and
52 cations). The Minnesota Solvation Database, version
2012,28,37,39 contains two sets of them, i.e., the unclustered
and the selectively clustered data set. The last is identical to the
first, except for 31 ions which are clustered with an explicit
water molecule. More details can be found in the article
discussing the SM6 parametrization.37 As done in the last
articles of the SMx family,38,39 and in order to make
comparisons with others solvation models, we benchmarked
the soft-sphere model on the selectively clustered data set. The
two main model parametrizations have been explored in rows 2
and 3 of Table 1, except for the radii multiplying factor f which
was left free to be optimized.
Due to the nonlinear effects in the polarization of the

surrounding dielectric with high fields, the factor f or
alternatively all the radii of atoms bearing the ionic charge
need to be reconsidered.11,12 Furthermore, ab initio gas-phase
optimizations and Monte Carlo simulations of systems in
aqueous solution suggested that solvent molecules of the first
solvation shell come closer to a charged molecule than to a
neutral.56 Although most PCM models implement a charge
dependency on the atomic radii,11,57 we decided to reproduce
experimental solvation energies optimizing the global cavity
factor f both for anions and cations. A similar approach has
been also investigated by others authors.56 This procedure is
less accurate than modifying single atomic radii, especially when
the solute molecule sizes become larger or for extended
interfaces. However, it is still a good approximation for small
size ions. A more detailed approach with a fine-tuning of the
individual van der Waals radii and their dependence on the
local atomic charges is beyond the scope of the present paper.
Table 3 reports MAEs both for anions and cations. Fixing the

nonelectrostatic parameters to α + γ = 50.0 dyn/cm and β =

−0.35 GPa, the optimization procedure on f suggested an f =
0.98 as optimal multiplying factor for anions and f = 1.10 for
cations, with MAEs of 3.05 and 2.07 kcal/mol, respectively.
These results are in perfect agreement with similar findings
obtained in the parametrization of self-consistent cavities.23

Figure 3 reports experimental and ab initio aqueous solvation
free energies both for anions (empty blue circles) and cations
(full black circles).

Concerning cations, dots belonging to the diagonal are
mainly cations containing nitrogen. On the other side, the
model tends to underestimate free solvation energies for four
different types of alcohols, two types of ketones, and the water
cation. This trend suggests that smaller cavities are needed for
these cations due to the stronger electrostatic interaction
between the solvent and the solute. Excluding these last seven

Table 2. MAEs in Aqueous Solvation Free Energies (kcal/
mol) for Several Solvation Models (MAEs from ref 38)a

method neutrals cations anions

soft-sphereb 1.12 2.13 2.96
sccs23 1.14c 2.27d 5.54d

SM838 0.55 2.70 3.70
SM1239 0.59 2.90 2.90
PB/Jaguar38 0.86 3.10 4.80
IEF-PCM38 1.18 3.70 5.50
C-PCM/GAMESS38 1.57 7.70 8.90
GCOSMO/NWChem38 8.17 11.00 7.00

aModel benchmarks refer to same set of 274 neutrals, 60 anions, and
52 cations of the Minnesota Solvation Database, version 2012.28
bParametrization of row 2 Table 1. cThe sccs implemented in BigDFT.
dThe sccs for ions corresponds to a reduced set of 55 anions and 51
cations23 of the same Minnesota data set.

Table 3. MAEs in Aqueous Solvation Free Energies (kcal/
mol) for a Set of 112 Ions (60 Anions and 52 Cations)
Obtained with the Soft-Sphere Modela

cavity
multiplying
factor f

α + γ
[dyn/cm]

β
[GPa]

MAE
[kcal/mol]

anions 0.98 50.0 −0.35 3.05
1.00 11.5 0.00 2.96

alcohols and ketones
cations

1.04 50.0 −0.35 2.07
1.04 11.5 0.00 1.88

cations without alcohols
and ketones

1.10 50.0 −0.35 1.33
1.11 11.5 0.00 1.46

all cations 1.10 50.0 −0.35 2.07
1.10 11.5 0.00 2.13

total ions − 50.0 −0.35 2.60
− 11.5 0.00 2.57

aUFF radii ri
vdW48 with Bondi’s radius for nitrogen.

Figure 3. Experimental and ab initio aqueous solvation free energies
for a set of 112 single-charged ions, of which 60 anions (empty blue
circles) and 52 cations (full black circles), obtained with the soft-
sphere model (UFF radii ri

vdW48 with Bondi’s radius46 for nitrogen, α +
γ= 50.0 dyn/cm and β = −0.35 GPa, f = 0.98 for anions and 1.10 for
cations).

Journal of Chemical Theory and Computation Article

DOI:10.1021/acs.jctc.7b00375
J. Chem. Theory Comput. XXXX, XXX, XXX−XXX

G

Giuseppe Fisicaro, et al. J. Chem. Theory Comput. 13, 3829 (2017)
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THE CODE

• Basic information

• Download and installation

• Input and Output

• Testing and examples 



ENVIRON

AN OPEN SOURCE PROJECT
▸ Website: www.quantum-environ.org 

▸ Documentation: https://environ.readthedocs.io  

▸ Public Q&A group:  quantum-environ-users@googlegroups.com  

▸ Public GitHub mirror: https://github.com/environ-developers/Environ 

▸ Five releases: 

▸ Environ 0.1 in February 2015 

▸ Environ 0.2 in February 2016 

▸ Environ 1.0 in February 2018 

▸ Environ 1.1 in April 2019 

▸ Environ 2.0 in October 2021 

https://github.com/environ-developers/Environ
https://github.com/environ-developers/Environ


ENVIRON

ENVIRON 2.0

▸ A modular library written in Fortran 90/95/2003 (Object-Oriented Code) 

▸ It relies on Quantum Espresso to perform reciprocal-space operations (gradients, 
Poisson potential, and related stuff) 

▸ Compiled as a stand-alone library 

▸ Currently only coupled with QE 

▸ New features w.r.t Environ 1.1: 

▸ Internally generated G-vectors and FFT grids 

▸ Decoupled cells for DFT system and embedding Environment 

▸ Semiconductor embedding 

▸ Extended use of object-oriented principles 



ENVIRON

DOWNLOAD AND INSTALLATION

▸ For news and releases, check out 

▸ www.quantum-environ.org 

▸ For installation instructions, theoretical overview, and more, check out 

▸ https://environ.readthedocs.io/en/latest/  

▸ Instructions are also available in the README file 

▸ Once installed:  

1. Run the test-suite to check for consistency 

2. Run the examples to get familiarized with the tools 

3. Input keywords are also in Doc/INPUT_Environ.html 



ENVIRON INPUT

INPUT FILE
▸ Environ requires one additional input file 

▸ It must be named environ.in and located in the directory where pw.x is 
running 

▸ environ.in is composed of three namelists (two optional) and two 
optional cards 



ENVIRON INPUT

ENVIRON NAMELISTS

&ENVIRON (REQUIRED) 

The global properties of the calculation 

▸ The strength of the different environment effects 

▸ Basic control keywords (verbosity) 

&BOUNDARY (OPTIONAL) 

The definition of the continuum boundaries 

&ELECTROSTATIC (OPTIONAL) 

The parameters for the electrostatic solvers 



ENVIRON INPUT

ENVIRON CARDS

EXTERNAL_CHARGES (OPTIONAL) 

▸ Defines additional charge densities included in the electronic 
structure calculation (must be activated by env_external_charges = 
N>0) 

DIELECTRIC_REGIONS (OPTIONAL) 

▸ Defines non-homogenous dielectric regions inside the simulation cell 

▸ (must be activated by env_dielectric_regions = N>0)



ENVIRON OUTPUT

1. verbose=0 (default) 

▸ only print minimal information to standard 
output (inside the QE output file) 

2. verbose>0 

▸ generate an additional readable text file 
named environ.debug 

▸ contains information of the Environ calculations 

3. verbose>1 

▸ generate additional cube files 

▸ contains values of specific physical quantities 
on the simulation grid

THREE LEVELS OF OUTPUT

Cube files may be useful for debugging or 
rendering purposes; they can be viewed 
with molecular visualization software, such 
as VMD



TESTS

▸ Environ comes with a test-suite to allow for consistency checks 

▸ To run the tests in serial, switch over to Environ/tests and run  

▸ make run-tests 

…or in parallel 

▸ make run-tests-parallel 

NOTE: a few tests may give some small errors and reported as failed 

RUNNING TESTS



EXAMPLES

RUNNING EXAMPLES

▸ Summarized in Environ/examples/README 

▸ To run, switch over to Environ/examples 

1. Change directory into one of the examples 

▸ cd example01/  

2. Run the script 

▸ ./run_example.sh 

3. Make sure the script to run the example is executable. If not, run 

▸ chmod a+x run_example.sh  

4. Compare results against the available references 



RUNNING ENVIRON

COUPLING WITH QE

▸ Environ is coupled with the following QE sub-packages: 

▸ PW & NEB 

▸ CP 

▸ TDDFPT 

▸ XSPECTRA 

▸ To run environ with these codes, run (e.g. PW) 

▸ $QEPATH/bin/pw.x –environ < filename.in > filename.out 

▸ On the VM you can just run pw.x —environ … 



NOTES TO USER

USERS & ENVIRON

▸ If you use the code and it works… 

▸ please cite the main references  

▸ full list available online and in the calculation output 

▸ If you use the code and it doesn’t work… 

▸ Bug – NO WORRIES!… we’ll fix it 

▸ Numerical problems - GREAT!... Try tweaking the parameters 

▸ Physical problem – NOT SO GREAT! May require development of new features  

▸ In any case, please: 

▸ Check out the FAQ online or the Q&A group 

▸ Contact us (oliviero.andreussi@unt.edu)


