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ChemFig 2 PRESENTING ChemFic

PART |

Introduction

1 Newinvl.2

Arrow tips The default arrow tip in ChemFia, called “CF”, is now defined with the macro \pgfdeclarearrow
and is based on the «Stealth» tip. For this, th “arrows.meta”e library is loaded. Therefore, “CF” and “Stealth” tips
have the same custumization options. The arrow tip can now be defined with \setarrowdefault.

Tip customization

1) Default arrow:\par
\schemestart A\arrow B\schemestop

1) Default arrow:
A —— B

2) Custom arrow:\par

\schemestart
A\arrow[,,->] B\arrow[,,-{Triangle[slant=0.5,blue,width=10pt]}] 2) Custom arrow:
C\arrow[,,-{CF[sharp]}] D A —— B 44447} C ——> D
\schemestop\par 3) Default style modified:
A —>> B

3) Default style modified:\par
\setarrowdefault{, ,-{CF[red,open,length=15pt,line width=1pt]}}
\schemestart A\arrow B\schemestop

Angle increment When the angle of a bond is specified with [<n>] where <n> is an integer, the final angle is
45 x n. From now on, the 45 default increment can be set with \setangleincrement{<increment>} :

Angle incrementt

Default increment: \chemfig{-[1]-[-1]-[1]-[-11}
Default incremM

30 increment:
\setangleincrement{30}\chemfig{-[1]-[-1]-[1]-[-1]} 30 increment:

Macros \chenrel et \chemsign These macros are now obsolete and are removed from the ChemFig package.
To write chemical reactions, inside a \schemestart...\\schemestop environement, use \arrow and \+.

Librairy «external» Taking into account the limitations pointed in the documentation of the "external" librairy,
the \chemfig macro is now compatible with this librairy.

2 Presenting ChemFia

To use this package, start by adding the following code to the preamble:

« \input chemfig.tex with eTgX;
« \usepackage{chemfig} with KIEX;
« \usemodule[chemfig] with ConTgXt.

In all cases, the tikz package, if not loaded before, is loaded by ChemFia.

The most important command for drawing molecules is \chemfig{<code>}. The argument code is a set of
characters describing the structure of the molecule according to the rules which are described in this manual.
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ChemFig 2 PRESENTING ChemFic

Care has been taken to make it possible to draw the greatest possible number of molecular configurations, while
maintaining a simple, flexible, and intuitive syntax. Despite this, the <code> which describes the 2D structure of
the molecule increases in complexity in proportion to that of the molecule being drawn.

The command \chemfig draws a molecule using the commands provided by the tikz package, placed inside a
tikzpicture environment. The choice of tikz implies that:

« the user has a choice of compilation method: pdfEIgX can be used equally well in dvi mode (tex —
dvi — ps — pdf) or in pdf mode (tex — pdf). In effect tikz, via the underlying pgf, gives identical
graphical results in the two modes;

« the bounding box is automatically calculated by tikz and the user need not worry about any overlap with
the text. However, care must be taken with alighment when the molecule is drawn in a paragraph. In the

/O

0

. ChemFia

following example, we have drawn the bounding box for the molecule: [H;C ——C

always places the first atom of the molecule on the baseline of the preceding code.
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ChemFig 2 DIFFERENT TYPES OF BONDS

PART Il

Operation of ChemFig

This part is devoted to describing the most common features of ChemFia. The user will find here explanations
sufficient to draw most molecules. The presentation of features is done from a theoretical angle, and the goal of
this part is not to draw real molecules but to give the user a formal description of the functionality of ChemFia.
The “Advanced usage”, page 25, will be more practical and will illustrate advanced features for the most demanding
uses. It will also highlight methods of building real molecules, page 34. Finally, the last part will give examples of
molecules and the code used to draw them.

1 Groups of atoms

Drawing a molecule consists inherently of connecting groups of atoms with lines. Thus, in the molecule O ==0,
there are two groups of atoms, each consisting of a single atom “O”.

However, in this molecule
O
/
H;C——C ~
OH

there are four groups of atoms: “H3C”, “C”, “O” and “OH”. For reasons which we shall see later, ChemFia splits
each group into single atoms. Each atom extends up to the next capital letter or one of these special characters: [
BRI [@. ChemFig ignores all characters inside braces when splitting groups into atoms.

Therefore the first group of atoms “H3C” is split into two atoms: and [C]. In terms of chemistry, of course,
these are not real atoms; Hg, for example, consists of three hydrogen atoms. In what follows the word atom refers
to ChemFia’s definition. Thus ChemFia sees the preceding molecule as follows:

/@
mo—a”
[O[H]

A space is ignored when at the begining of a group of atoms.

2 Different types of bonds

For Chemfia, bonds between two atoms are one of nine types, represented by the characters [, H b [< b

ki, Pl and k1] :

Bond # Code Result Bond type
1 \chemfig{A-B} A—B Single
2 \chemfig{A=B} A=—=B Double
3 \chemfig{A~B} A=—=B Triple
4 \chemfig{A>B} AT right Cram, plain
5 \chemfig{A<B} A-=dB left Cram, plain
6 \chemfig{A>:B} Al B right Cram, dashed
7 \chemfig{A<:B} A -11IB left Cram, dashed
8 \chemfig{A>|B} AC—=B right Cram, hollow
9 \chemfig{A<|B} A=—B left Cram, hollow
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ChemFig 2 DIFFERENT TYPES OF BONDS

The command \setdoublesep{<dim>} adjusts the spacing between the lines in double or triple bonds. This
spacing is 2pt by default.

We must understand that when a bond is made between two atoms, these atoms are contained within invisible
rectangular boxes. The centres of these two rectangles are separated by an adjustable distance A called the
“interatomic distance”. Furthermore, bonds do not connect to the exact edges of the rectangles: a length 4, also
adjustable, separates the edges of the rectangles and the beginning and end of the bond line. The rectangular
boxes are made visible in the diagram below to help understanding.

The macro \setatomsep{<dimension>} adjusts the interatomic distance A. If the <dimension> is empty, it takes
the default value of 3em. This command, like all other settings commands, affects all the following molecules.

Interatomic distance

\setatomsep{2em}\chemfig{A-B}\par A—B
\setatomsep{50pt}\chemfig{A-B} A—B

The command \setbondoffset{<dimension>} sets the spacing J between the bond line and the atom. If the
<dimension> is empty, d takes the default value of 2pt.

Trimming BoNds

\setbondoffset{Opt}\chemfig{A-B}\par A—B
\setbondoffset{5pt}\chemfig{A-B} A — B

If one bond is followed immediately by another, then ChemFi inserts an empty group {}. Around this empty
group the separation 9 is zero:

\chemfig{A-B=-=C} A—B=——————(C

The \setbondstyle{<tikz code>} command sets the style for all the bonds drawn thereafter. The <tikz code>
is empty by default. To custom a single bond, see page 11.

Style of Bonds

\setbondstyle{line width=1pt,red}

\chemfig{A-B=C> | D<E>:F} A—B=C=D-=mEnl" F

The spacing J for just one bond can be specified with the character #. This character must be placed immediately
after the bond symbol and has one required argument between parentheses of the form “#(<diml>,<dim2>)”,
where <dim1> is the spacing J at the beginning of the bond and <dim2> is the that at the end. If <dim2> is omitted,
the spacing at the end of the bond takes the value of § in effect at that time. One can see in the example how the
shortening, set to 4pt to be more visible, is nullified for the bond arriving at “B”, then for the one leaving “B”, and
finally for both:

Fine adjustment of Bond shortening

\setbondoffset{4pt}

\chemfig{A-B-C}\par 2 :E : g
\chemfig{A-#(,0pt)B-C}\par A — B— C
\chemfig{A-B-#(0pt)C}\par A —B—C

\chemfig{A-#(,0pt)B-#(0pt)C}

By default, all atoms within groups of atoms are typeset in math mode (spaces are ignored). They may therefore
contain math mode specific commands such as subscripts or superscripts’:

\chemfig{A_1BA2-C _ 3 A 4} AB2—C3

IThere is a problem with the placement of groups of atoms containing exponents or subscripts. See page 27.
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ChemFig 3 BOND ANGLE

There are settings specifically for Cram bonds. This syntax is used:

\setcrambond{<diml>}{<dim2>}{<dim3>}

Any empty argument takes its default value. The three arguments are:

+ <diml> is the size of the base of the triangle, and is 1.5pt by default;
« <dim2> is the thickness of the dots, and is 1pt by default;
+ <dim3> is the spacing between the dots, and is 2pt by default.

Here is an example where the three dimensions are changed:

Moditied Cram ronds

\setcrambond{10pt}{0.4pt}{1pt}
\chemfig{A>B>:C>|D} AP Bl c[>D

3 Bond angle

Each bond takes an optional argument in brackets. This optional argument can adjust every aspect of a bond,
and consists of five optional fields separated by commas. The first of these fields defines the bond angle. Angles
increase counterclockwise, and are relative to the horizontal. If the angle field is empty, the angle takes its default
value of 0°. We will see later how to change this default.

There are several ways of specifying the bond angle.

3.1 Predefined angles

When the angle field contains an integer, this represents the angle the bond makes relative to the horizontal, in
multiples of 45°. For example, [0] specifies an angle of 0°, [1] is 45°, and so on.

Predetined anales

\chemfig{A-B-[1]C-[3]-D-[7]E-[6]F} B

VCD\
/

ai—s’
F

These angles remain valid if the atoms are empty, and this is the case for all the features we will see below:

Predefined anales with empty aroups

\chemfig{--[1]-[3]--[7]-[6]1}

For those who find this "ugly?", it is now possible connect the single bonds with a slightly increased compilation
time. The macro \enablebondjoin enables this feature and \disablebondjoin disables (better behavior, set by

default).

\setbondstyle{line width=3pt}
\chemfig{-[1]-[7]} et /\ A
\enablebondjoin\chemfig{-[1]-[7]}\disablefixedbondlength et

The \setangleincrement macro sets the default angle used to calculate the angle of a bond:

Set the predefined ancle

Default (45) : \chemfig{-[1]-[-1]-[1]-[-11} /\/\

Default (45) :
\setangleincrement{30} /\/\
Angle of 30 : \chemfig{-[1]-[-1]-[1]-[-1]} Angle of 30 :

2See http://tex.stackexchange.com/questions/161796,/ugly-bond-joints-in-chemfig detokenize
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ChemFig 4 LENGTH OF A BOND

3.2 Absolute angles

If one wishes to specify an angle in degrees relative to the horizontal, then the optional angle field must take this
form: [:<absolute angle>]. If necessary, the <absolute angle> is reduced to the interval [0, 360):

R
\chemfig{A-[:30]B=[:-75]C-[:10]D-[:90]>|[:60]-[:-20]E-[:0]~[:-75]F} B \
A7 "
D
c—

3.3 Relative angles
It is often useful to specify a bond angle relative to the preceding bond. This syntax must be then be used:
[::<relative angle>]. The sign of the <relative angle> can be omitted if it is a +.

Here is a molecule where the first bond has an absolute angle of —5°, and the rest of the bond angles are
incremented by 20°:

R esult of relative anales

\chemfig{A-[:-5]-[::+20]-[::20]B-[::+20]-[::20]C-[::20]}
B

A\/

One can “break” a chain of relative angles by putting an absolute or predefined angle where desired. Here, atom
“B” is followed by a bond at an absolute angle of 315°.

Result of relative anales followed By apsolute

\chemfig{A-[:-5]-[::20]-[::20]B-[7]-[::20]C-[::20]} A\—/ \\

4 Length of a bond

Rather than speaking of length of a bond, we should use the term interatomic spacing. If effect, only the interatomic
spacing is adjustable with \setatomsep as we have seen on page 7. Once this parameter is set, the length of a
bond depends on the content of atoms and, to a lesser extent, the angle the bond makes with the horizontal. It
should be obvious that two “slimmer” atoms will have larger edge separations than two which are larger. This can
be seen easily in the following example where an “I” atom is narrower than an “M” atom, which means that the
bond between the “I” atoms is longer than that between the “M” atoms:

Influence of the size of atoms

\chemfig{I-I}\par I—1
\chemfig{M-M} M—M

This aspect of the size of atoms becomes particularly acute when the atom involves subscripts or superscripts. In
this example, the bond is extremely short, to the point of confusion with a negative sign —:

Too-short Bond

\chemfig{Ar{++}_{2}-BA{-}_3} AT -By

1ATiXed by Christian TELLECHEA, the October 8, 2015. 9



ChemFig 5 DEPARTURE AND ARRIVAL ATOMS

It is important to note that the exponent - is put inside braces. If this were not done, ChemFi& would stop the
atom on this character, which is a bond character. The atom would then be “BA”, which would lead to unexpected
results.

It is possible to change the behavior of ChemFia about the interatomic spacing. Indeed, when the \chemfig
macro is immediately followed by a star, the macro \setatomsep{<dimension>} no longer defines the distance
between the centers of atoms, denoted A, but length of the bonds. Consequently, the bonds have fixed lengths
while the distance between the centers of the atoms is variable and depends on their size. Here is the diagram on
page 7 and what becomes with the macro \ chemfigx:

macro \chemfig macro \chemfig=

A A

4

In rings, even with starred \chemfig+, the default behaviour is restored in order to draw regular polygons.

Fixed lenath Bonds

\chemfig{C1-Cl}\par Cl—Cl1
\chemfig#{C1-C1} Cl——Cl1

The macro \enablefixedbondlength enables the “fixed bond length behaviour”, even for non starred \chemfig
while \disablefixedbondlength goes back to the default behaviour (fixed interatomic distance).

Especially with the default behavior, to avoid too short bonds, it is sometimes necessary to increase (or perhaps
reduce) the interatomic distance. For this, the optional argument to bonds is actually made up of several comma-
separated fields. As we have seen, the first field specifies the angle. The second field, if it is not empty, is a
coefficient which multiplies the default interatomic distance A. Thus, writing -[,2] asks that this bond have the
default angle (first field is empty) and that the atoms it connects be separated by twice the default distance.

Modified rond lenath
Aft—— By

\chemfig{Ar{++}_{2}-[,2]B*{-}_3}\par A—B—C:D
\chemfig{A-B-[,2]C=[,0.5]D}\par

\chemfig{-=[,1.51-[,0.75]=[:-20,2]} \

We can change the size of molecules by altering the font size or the argument of \setatomsep, possibly on both 3,
being careful to confine these changes within a group if we want to limit the scope:

How to modity the size of molecule

(0]
1 n
\normalsize \chemfig{H-[:30]0-[:-30]H}\par O
\setatomsep{2.5em}\chemfig{H-[:30]0-[:-30]H}\par H/ \H
\small \chemfig{H-[:30]0-[:-30]H}\par O
\footnotesize \chemfig{H-[:30]0-[:-30]H}\par H/ \H
\scriptsize \chemfig{H-[:30]0-[:-30]H}\par _ O ~
\tiny \chemfig{H-[:30]0-[:-30]H} H H
- O ~
H 5 H
a’ "H

5 Departure and arrival atoms

A group of atoms can contain several atoms. Suppose we want to connect the group “ABCD” to the group
“EFG” with a bond. ChemFia calculates which atom of the first group and which of the second group are to be
connected by looking at the angle of bond relative to the horizontal. If the angle is between (but not including)

3You can also use the second optional argument of \chemfig, see page 26.
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ChemFig 6 CUSTOMIZATION OF BONDS

—90° and 90° (modulo 360°) then the bond is made between the last atom of the first group and the first atom of
the second group. In all other cases, the bond is made between the first atom of the first group and the last atom

of the second group.

Here are some examples where the bond is in the interval (—90, 90), and where the bond is made between D and

E:
Default atom connections

EFG
EFG

\chemfig{ABCD-[ :75]EFG}\quad
\chemfig{ABCD-[:-85]EFG}\quad ABCD ABCD ABCD

\chemfig{ABCD-[1]EFG}

EFG

In the following examples, the angles are in the interval [90, 270] and so the bond is made between A and G:

Defautrt atom connections

EFG

\chemfig{ABCD-[:100]EFG}\quad
\chemfig{ABCD-[:-110]EFG}\quad ABCD ABCD ABCD
/

\chemfig{ABCD-[5]EFG}
EFG EFG

One may sometimes want the bond partners to be atoms other than those determined by ChemFia. The departure
and arrival atoms can be set with the optional bond argument by writing:

[,,<integer 1>,<integer 2>]

where <integer 1> and <integer 2> are the numbers of the desired departure and arrival atoms. These atoms
must exist, otherwise an error message will be given.

\chemfig{ABCD-[:75,,2,3]EFG}\qquad EFG EFG EFG
\chemfig{ABCD-[:75,,,2]EFG}\qquad / / /
\chemfig{ABCD-[:75,,3,2]EFG} ABCD ABCD ABCD

6 Customization of bonds

There is a fifth and last optional argument for bonds which is found after the fourth comma:

[1 L] ,<tikz COde>]

This <tikz code> is passed directly to tikz when the bond is drawn. There one can put characteristics such as
colour (red), dash type (dash pattern=on 2pt off 2pt), thickness (line width=2pt), or even decoration if the
tikz decoration library has been loaded. A bond can be made invisible by writing “draw=none”. To set several
attributes, the syntax of tikz is used, separating them by a comma:

\chemfig{A-[,,,,red]B}\par A B
\chemfig{A-[,,,,dash pattern=on 2pt off 2pt]B}\par A----B
\chemfig{A-[,,,,line width=2pt]B}\par A m—B
\chemfig{A-[,,,,red,line width=2pt]B} A B

Numerous tikz decoration libraries are available. For example, one can use the “pathmorphing” library by putting
\usetikzlibrary{decorations.pathmorphing} in the preamble in order to draw wavy bonds:

\chemfig{A-[,3,,,decorate,decoration=snake]B} ANNANANNANSB

Cram bonds ignore thickness and dash settings.

11
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ChemFig 8 BRANCHES

7 Default values

At the beginning of each molecule, the default values for the optional arguments are initialized. They are:

« 0° for the bond angle;

+ 1 for the length multiplication coefficient;

. <empty> for the numbers of the departure and arrival atoms, which lets ChemFig calculate these based
on the bond angle;

« <empty> for the parameters passed to tikz.

These default values can be changed for the whole molecule by beginning the molecule code with

[<angle>,<coeff>,<nl>,<n2>,<tikz code]

Thus, if the code of a molecule begins with [:20,1.5], then all the bonds will be at angle of 20° by default, and
the interatomic distances will have a length 1.5 times the default length. These default values can be overridden at
any time by giving an optional argument, such as for the bond which follows atom “C” in this example:

Overridina default values

\chemfig{[:20,1.5]A-B-C-[:-80,0.7]D-E-F}

If something odd like [1,1.5,2,2,red, thick] is written, then unless otherwise indicated all the bonds will have
an angle of 45°, the interatomic distances will be 1.5 times the default distance, the bonds will begin and end on
the second atom of each group, and the bonds will be red and thick:

Defaukt values

GHI

\chemfig{[1,1.5,2,2,red, thick]ABC-DEF=GHI} DEF

ABC

8 Branches

8.1 Principle

Up to now, all the molecules have been linear, which is rare. A sub-molecule can be attached to an atom by
following the atom with <code> in parentheses. This <code> is the code of the submolecule which will be attached
to the atom.

In this example, the sub-molecule “-[1]W-X” will be attached to atom “B”™:

W—X
\chemfig{A-B(-[1]W-X)-C}
A—B—C

There can be several sub-molecules which are to be attached to the same atom. Just have several parentheses
containing the code for each sub-molecule:

Multiple rranches

\chemfig{A-B(-[1]W-X)(-[6]Y-[7]1Z)-C} ‘

1ATiXed by Christian TELLECHEA, the October 8, 2015. 1 2



ChemFig 8 BRANCHES

The code of each sub-molecule can define its own default values, which will be valid throughout the whole
sub-molecule. Here a sub-molecule “[ :60]-D-E” is attached to atom “B”, with a default angle of 60° absolute. A
second sub-molecule “[::-60,1.5]-X-Y” is attached to “B” with a default bond angle 60° less than that of the
preceding bond (which will be the one between “A” and “B”) and with an interatomic distance 1.5 times the default

value:
Defautt values in Branches

\chemfig{A-B([:60]-D-E)([::-30,1.5]-X-Y)-C}

Observe what happens if, at the beginning of the main molecule, one writes “[ :-45]:

Effect of the defaurt roNnd anale

E

D
A
N/
B
\chemfig{[:-45]A-B([:60]-D-E)([::-30,1.5]-X-Y)-C} \\C

X

\

Y

We see that the angle between the bond B-C and the bond B-X stays at 30° because it is a relative angle for the
sub-molecule “-X-Y”. By contrast, the branch “-D-E” stays inclined at 60° to the horizontal, and does not follow
the rotation given by the —45° angle at the beginning; this is expected because “-D-E” has an absolute angle. It is
essential that all the angles be relative in order to rotate the whole molecule.

8.2 Nesting

Sub-molecules may be nested, and the rules seen in the preceding paragraphs stay in force:

Z
‘ Y
/
\chemfig{A-B([1]-X([2]-Z)-Y)(-[7]D)-C} X
A—B—C
D
8.3 Method
/O
Suppose now that we want to draw an acid anhydride molecule: R——C
/O
R—C

The best way to get this is to find the longest chain. Here, for example, we can draw the chain R-C-0-C-R taking
into account angles and using only relative angles:

1ATiXed by Christian TELLECHEA, the October 8, 2015. 1 3



ChemFig 9 CONNECTING DISTANT ATOMS

Acid anhydride structure

F{‘AA*CK\
\chemfig{R-C-[::-60]0-[::-60]C-[::-60]R} O
R—C

To this structure we just have to add two “=0” sub-molecules to each of the carbon atoms:

Acid anhydride

\chemfig{R-C(=[::+60]0)-[::-60]0-[::-60]C(=[::+60]0)-[::-60]R} O

Because we used only relative angles, we can rotate this molecule by giving a default angle of e.g. 75°:

R otation of a molecule

O

\chemfig{[:75]R-C(=[::+60]0)-[::-60]0-[::-60]C(=[::+60]0)-[::-60]R}

9 Connecting distant atoms

We have seen how to connect atoms which are adjacent in the code. It is often necessary to connect atoms which
are not next to each other in the code. Let’s call these particular bonds “distant bonds”.

Let’s take this molecule:

Branched structure

\chemfig{A-B(-[1]W-X)(-[7]Y-Z)-C} A—B—C

and suppose that we want to connect the atoms X and C. In this case, ChemFia allows a “hook” to be placed
immediately after the atom of interest. The character used for a hook is “?” because of its similarity to a hook. So,
if one writes X? then the atom X will have a hook. Later in the code, all atoms followed by a ? will be connected to

X:
Distant sond

\chemfig{A-B(-[1]W-X?)(-[7]Y-Z)-C?} A—B—C

We could connect other atoms to X by following them with ?. Here it’s the atoms C and Z:

Several distant Bonds

\chemfig{A-B(-[1]W-X?)(-[7]Y-Z?)-C?} A—B—C
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Now imagine if we were to leave the distant bonds X-C and X-Zwhile adding another: A-W. We must therefore ask
for two different hooks, one on A and the other on X. Fortunately the character ? has an optional argument:

?[<name>, <bond>,<tikz>]

where each field takes its default value if it is empty:

« The <name> is the name of the hook: all alphanumeric characters (a...z, A...Z, 0...9) are allowed*. The
name is a by default. In the first occurrence of the hook with this name, only this field is used.

+ <bond> specifies how the atom with the current occurrence of the named hook is to be bonded to the atom
with the first occurrence of the hook. There are two ways this can be done. First, this field can be an
integer representing the desired bond type: 1=single bond, 2=double bond, etc. (See the table on page 6 for
the bond codes.)

Second, the field can be one of the bond character codes, provided that this character is between braces.

« <tikz> will be passed directly to tikz as we have seen with regular bonds.

Here is our molecule with the required distant bonds, then with the bond A-W and X-C customized:

Multiple distant Bonds

W—X
v
A=—B—C
\chemfig{A?[a]-B(-[1]W?[a]-X?[b]) (-[71Y-Z?[b])-C?[b]}\par\medskip \Y — 7

\chemfig{A?[a]-B(-[1]W?[a,2,red]-X?[b]) (-[7]1Y-

i i dth= W—X
z?[b,1,{1line width=2pt}])-C?[b,{>},blue]} // ,

A—B—C

Y—Z

Several different hooks can be written after an atom. Suppose that in this unfinished pentagon, we wish to connect

A-E, A-C and E-C:

E
N
\chemfig{A-[:-72]B-C-[:72]D-[:144]E} A\ /D
B—C
Then we must do this:
E
0N
\chemfig{A?[a]-[:-72]B-C?[a]?[b]-[:72]D-[:144]E?[a]?[b]} A\\ /D
B—C

10 Rings

The preceding example shows how to draw a regular polygon, but the method used is tedious because the angles
depend on the number of sides of the polygon.

10.1 Syntax

ChemFig can easily draw regular polygons. The idea is to attach a ring to an <atom> outside the ring with this
syntax:

<atom>#<n>(<code>)

<n> is the number of sides of the polygon and the <code> describes the bonds and groups of atoms which make
up its edges and vertices. This code must begin with a bond because the atom is outside the ring.

Here is a 5-ring, attached to the atom “A™:

“This is not exactly right. Actually all the characters that can be put between \csname. . .\endcsname are allowed.
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\

N

\chemfig{A«5(-B=C-D-E=)}

— |

/

A ring can also be drawn with one, several, or all the groups of atoms empty, as is the case for diagrams outside

rings:
S-ring with empty aroups

\chemfig{*5(-=--=)}

A ring can be incomplete:

Incomplete S-rina

D

N\
C
~_ 4%7

B

\chemfig{+5(-B=C-D)}

If a ring has a code which contains too many bonds and atom groups for the given number of vertices, all the
bonds and groups over the maximum allowed are ignored:

Truncated S-ring

\

NS

\chemfig{A«5(-B=C-D-E=F-G=H-I)}

jD::::E

It is possible to draw a circle or an arc in the inside of a ring. To do so, the following syntax is used:

<atom>+#+*[<angle 1>,<angle 2>,<tikz>]<n>(<code>)

where each field of the optional argument takes its default value if it is empty:

« <angle 1> and <angle 2> are the absolute angles of the start and finish of the arc. These default to 0° and

360° respectively so that a circle is drawn by default;
« <tikz> is the code that will be passed to tikz for drawing the arc.

Rinas and ares

\chemfig{+*6(----—- ) }\quad JEEN
\chemfig{++[30,330]5(----- )F\quad :
\chemfig{++[0,270,dash pattern=on 2pt off 2pt]4(----)} N

10.2 Angular position

10.2.1 At the start

As can be seen in the examples above, the rule is that the attachment atom “A” is always at the south-west of the
ring. Furthermore, the ring is always constructed counterclockwise, and the last bond descends vertically onto

Angular position of rinas

the attachment atom:

\chemfig{A«4(-B-C-D-)}\gquad\chemfig{A+6(----—- )}

»—2.
T —AQ

16
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If this angular position is not convenient, it is possible to specify another angle using the optional argument at
the beginning of the molecule. Here is a 6-cycle which has been rotated by +30°, by —30°, and lastly by +60°:

R otation of rinas

\chemfig{[:30]A*6(----—- ) F\qquad
\chemfig{[:-30]A#6(--———— ) H\aqquad
\chemfig{[:60]A*6(------ )} A A A

10.2.2 After a bond

When a ring does not begin a molecule and one or more bonds have already been drawn, the default angular
position changes: the ring is drawn is such a way that the bond ending on the attachment atom bisects the angle
formed by the first and last sides of the ring.

Here is a simple case:

Bond endina on a ring

\chemfig{A-B«5(-C-D-E-F-)} A—B

The rule remains valid, whatever the angle of the preceding bond:

Bonds endina on a ring

\chemfig{A-[:25]B+4(----)}\vskip5pt A

\chemfig{A=[:-30]%6(=-=-=-)} AN

10.3 Branches on a ring

To have branches attached to the vertices of a ring, we use the syntax we have already seen:

<atom>(<code>)

where the <code> is that of the sub-molecule and the <atom> is at the vertex. Unique to rings, the default angle of
the sub-molecule is not 0° but is calculated so that it will bisect the sides leaving the vertex:

Branch on a ring

\chemfig{X+6(-=-(-A-B=C)=-=-)} \

A sub-molecule can be attached to the first vertex of a ring, just like the other vertices:

17
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Ring and Branches

AN A

G

\chenfig{+5((~A=B-C)-(-D-E)-(=)-(-F)-(-6=)-)}

A

7
B D

yd

c \
E

If one wants the bond leaving a vertex not to be the bisector of its sides, one can tinker with the optional global
parameter or the optional bond parameter:
B B
RN

A A

\chemfig{*5(---([:90]-A-B)--)}\qquad
\chemfig{5(---(-[:90]A-B)--)}\qquad
\chemfig{+5(---([::+0]-A-B)--)}

It is worth noting that in the third example, where a relative angle of 0° was given, the bonds of the branch are
drawn in line with the preceding bond in the ring. This is the rule on page 9 which specified that the reference
angle was that of the bond last drawn.

We can now connect together rings with bonds:

Connected rinas

\chemfig{+6(--(~#5(----(-#4(----))-))----)}

10.4 Nested rings

To “glue” two rings together, the syntax is only slightly different: the vertex is specified where the other ring
is going to start. Simply follow this vertex by the usual syntax for a ring. Here for example is a 5-ring which is
attached to the second vertex of a 6-ring:

\chemfig{A#6(-B*5(----)=-=-=)} [X\\\ ////

Note that the ring which is going to be attached to the main ring has an angular position such that two of the
rings’ sides coincide. In addition, the 5-ring has only four bonds “----". In effect, the fifth will be useless because
it is the second side of the 6-ring, which has already been drawn.

It is quite possible to glue multiple rings together:
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Multiple nested rinas

\chemfig{+5(--#*6(-#4(-*5(----)-=)-——=)-—-)}

There is a case where a trick must be used. It can be seen in this example that the fourth side of the second 5-ring
just passes through the centre of atom “E”.

Flawed drawina

\chemfig{A-B+5(-C-D+5(-X-Y-Z-)-E-F-)} A—B

This is normal because the second 5-ring (which is attached to atom “D”) is drawn before ChemFi& knows about
atom “E”. In this case, it is necessary to use two hooks to draw the bond Z-E:

Distant Bond and ring

/ ~ E/ \
\chemfig{A-B%5(-C-D*5(-X-Y-Z?)-E?-F-)} A—B } Y
N _p_/
¢~ X
We could also use a \phantom{E} at the last vertex of the 5-ring:
F Z
/RN
\chemfig{A-B*5(-C-D*5(-X-Y-Z-\phantom{E})-E-F-)} A—B } Y
N _p_/
¢~ X

10.5 Rings and groups of atoms

Some care must be taken with rings when one or more vertices are made up of groups of atoms:

Ring and aroups of atoms

GH
1 \
\chemfig{AB+5(-CDE-F-GH-I-)} / F
AB /
TCDE

In order for the ring to have a regular shape, it is necessary to override the ChemFia mechanism which
automatically calculates the departure and arrival atoms of bonds. Here, C-F and F-G must be connected by using
the optional argument of these bonds:

Forced departure and arrival atoms

\chemfig{AB«5(-CDE-[,,1]F-[,,,1]GH-I-)}

11 Representing electron movements

Starting with ChemFia version 0.3, we can represent the movement of electrons in mesomeric effects or reaction
mechanisms. This is done by marking the departure and arrival points of the electron movement arrow using

19
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the syntax “@{<argument>}". This syntax allows a tikz node to be placed and makes this node accessible outside
the argument of the \chemfig command thanks to the “remember picture” option which is passed to all the
“tikzpicture” environments. It is assumed that the viewer supports “picture remembering” and that the compilation
is done twice.

Two types of diagrams can arise, so we can ask for:

« a zero size node on a bond using the syntax “@{<name>,<coeff>}” placed at the beginning of the optional
argument of the relevant bond, without being followed by a comma if there is a first optional argument. In
this case, the node takes the name “<name>” and the <coeff>, which must be between 0 and 1, determines
where the node is located on the bond. If “@{<name>}" is used, the <coeff> is set to 0.5 by default, which
means that the node is placed halfway along the bond;

« anode on an atom using the syntax “@{<name>}” immediately before the relevant atom. In this case, the
node has exactly the same footprint as the atom, but may be empty and therefore have zero dimensions.

Once the \chemfig command has drawn the molecule(s) and has placed the nodes with the syntax described
above, we can connect these nodes to each other with tikz instructions. These instructions are placed in the
argument of the command \chemmove® and has the following syntax if (for example) we need to connect a node
named “<namel>” to the node named “<name2>”:

\chemmove[<opt>]{\draw[<tikz opt>](<namel>)<tikz link>(<name2>);}

The optional argument <opt> of the \chemmove command will be added to the argument of the tikzpicture
environment in which the links between the nodes will be drawn. The <tikz opt> and <tikz 1link> instructions
are describe in detail in the documentation of the tikz package.

11.1 Mesomeric effects

To make these concepts concrete, let’s take the example of a mesomeric effect involving a double bond and
non-bonding lone pair conjugate. Let’s begin with the possible delocalization of electrons from the double bond.
We will place a node named “db” (double bond) in the middle of the double bond and a node named “al” on the
end of the double bond.

Les macros \schemestart, \schemestop, \arrow et \+ sont exposées

Mesomeric effect |
\schemestart

\chemfig{@{al}=_[@{db}::30]-[::-60]\1lewis{2,X}}
\arrow{<->}
\chenfig{\chemabove{\vphantom{X}}{\ominus}-[: :30]=_[: :-60] O//\ PSP N
. X X
\chemabove{X}{\scriptstyle\oplus}}
\schemestop
\chemmove{\draw(db).. controls +(100:5mm) and +(145:5mm).. (al);}

As noted above, there is no comma after the node placed in the optional arguments of a bond; we write
“=_[@{db}::30]” and not “=_[@{db},::30]” as one might be tempted to do.

To link the nodes “db” and “al” we have used the following syntax:
\chemmove{\draw(db)..controls +(80:8mm) and +(145:8mm)..(al);}

For arrows in \chemmove, the default tip is “CF”.In this example we ask for an arrow ([->]) and we use two control
points®. These will be located using polar coordinates at 80° and 8 mm from “db” for the first and at 145° and 8 mm
from “al” for the second. Though this syntax may seem complicated at first reading, one need not be alarmed
because its use will usually be a matter of copying and pasting. Only the names and coordinates of the control
points need be changed, as can be verified from the example below, where an arrow has been added from the lone
pair (node “dnl” to the single bond (node “sb”).

3 Actually, the \chemmove command puts its argument in a “tikzpicture” environment with the options “remember picture, overlay”.
%To find all the ways of connecting two nodes with tikz, read the documentation for that package.
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Mesomeric effect 2
\schemestart

\chemfig{@{al}=_[@{db}::30]-[@{sb}::-60]@{dnl}\lewis{2,X}}
\arrow{<->}
\chemfig{\chemabove{\vphantom{X}}{\ominus}-[::30]=_[::-60]
\chemabove{X}{\scriptstyle\oplus}} O//\Q <> 9/\59
X X
\schemestop
\chemmove{
\draw(db)..controls +(100:5mm) and +(145:5mm)..(al);
\draw(dnl)..controls +(90:4mm) and +(45:4mm)..(sb);}

For our new arrow we have set the control points as follows: 4 mm at an angle of 90° from “dnl” and 4 mm at an
angle of 45° from “sb”. But we are not completely satisfied, since we would like the arrow not to touch the line
segment representing the lone pair. To do this we will add some options to our arrow.

Mesomeric effect 3

\schemestart
\chemfig{@{al}=_[@{db}::30]-[@{sb}::-60]@{dnl}\1lewis{2,X}}
\arrow{<->}
\chemfig{\chemabove{\vphantom{X}}{\ominus}-[::30]=_[::-60]

\chemabove{X}{\scriptstyle\oplus}} X o ®
\schemestop Q//\X /\X

\chemmove[->]{% change the tip style
\draw(db).. controls +(100:5mm) and +(145:5mm).. (al);
\draw[shorten <=3pt,shorten >=1pt](dnl) .. controls +(90:4mm)
and +(45:4mm) .. (sb);}

The option “shorten <=3pt” indicates that the tail of the arrow is to be shortened by 3 pt just as “shorten >=2pt”
means that the head of the arrow is shortened by 2 pt.

We can use all the power of tikz instructions to modify the style of the arrow. Here we change the head of the
arrow leaving the double bound and set it to “~-stealth”, and we draw the arrow with a fine dashed red line. We
also add the letter m above the middle of the arrow:

Mesomeric effect 4

\schemestart
\chemfig{@{al}=_[@{db}::30]-[@{sb}::-60]@{dnl}\1lewis{2,X}}
\arrow{<->}
\chemfig{\chemabove{\vphantom{X}}{\ominus}-[::30]=_[::-60]
\chemabove{X}{\scriptstyle\oplus}}

\schemestop P

\chemmove{ *///\K\f( 9/\ ;‘2

\draw[-stealth,thin,dash pattern= on 2pt off 2pt,red]
(db).. controls +(100:5mm) and +(145:5mm)..
node[sloped,above] {$\pi$} (al);

\draw[shorten <=3pt, shorten >= 1pt]

(dnl).. controls +(90:4mm) and +(45:4mm).. (sb);}

In the following example, we’ll see how to indicate the position of the departure or arrival anchor points of the
arrow. If we write

Departure or arrival anchor point |

\chemfig{@{x1}\lewis{1l:,X}}

\hspace{2cm} //////"_4——\\\\\\
\chemfig{@{x2}\lewis{2|,X}} )(' 32
\chemmove{\draw[shorten >=4pt]

(x1).. controls +(90:1cm) and +(90:1cm).. (x2);}

Note that the tail of the arrow does not leave correctly from our electrons; it leaves from the middle of the upper
edge of the node. Indeed, we chose a departure angle of 90 ° and so tikz makes the arrow leave from the anchor
“x1.90” which corresponds to the intersection of the ray leaving from the centre of node “x1” at a 90° angle relative
to the horizontal and of the edge of the rectangular node. To get the arrow departure angle that we want, we
must specify its position. After some trial and error, it is “x1.57”:

Departure or arrival anchor point 2

\chemfig{@{x1}\lewis{1l:,X}}

\hspace{2cm} //////—_ﬁ\\\\\\
\chemfig{@{x2}\lewis{2|,X}} )<' X
\chemmove{\draw[shorten <=4pt,shorten >=4pt]

(x1.57).. controls +(60:1cm) and +(120:1cm).. (x2);}
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In some cases it will be easier to use Cartesian coordinated for the control points. Here we use just one control
point placed 1 cm to the right of and 1.5 cm above “x1”:

A sinale control point \\

\chemfig{@{x1}\lewis{1l:,X}}
\hspace{2cm}
\chemfig{@{x2}\lewis{2|,X}} )f' 33
\chemmove{\draw[shorten <=4pt,shorten >=4pt]

(x1.57).. controls +(lcm,1.5cm).. (x2);}

All the graphics drawn by means of the command \chemmove are superimposed and will not be included in the
bounding boxes. We can see this in the preceding example.

11.2 Reaction mechanisms

Thanks to the option remenber picture which is passed to all the “tikzpicture” environments we can easily draw
arrows indicating reaction mechanisms. Let’s take for example the first step of the esterification reaction.

Esterification: step |

\setatomsep{7mm}

\schemestart
\chenfig{R-@{dn1}\lewis{26,0}-H} q /\@
\+ £
\chemfig{R-@{atoc}C([6]-OH)=[@{db}]0} R—O—H + R—C=0 LN
\arrow(.mid east--){<->[\chemfig{@{atoh}\chemabove{H}{\scriptstyle\oplus}}]} ‘

\schemestop OH

\chemmove[shorten <=2pt]{

\draw(dnl)..controls +(90:1cm)and+(north:1cm).. (atoc);
\draw[shorten >=6pt](db)..controls +(north:5mm)and+(100:1cm)..(atoh);}

The use of the \chemabove{<code>}{<materiel>} command does not change the dimensions of the bounding
box of <code>. For this reason we can run into some difficulty in pointing to the symbol representing the charge
carried (& or ©). In the example above the solution is to create a control point with an angle of 110° at 1 cm from
“atoh” and to shorten the arrow by 6pt. In the following example, the second step of the esterification reaction, we
can see that the arrow can take more complicated forms without complicating the code.

Esterification: step 2

\setatomsep{7mm}
\chemfig{R-0-C(-[2]R) (-[6]0H)-@{dn1}\1lewis{26,0}H}\hspace{lcm}
\chemfig{@{atoh}\chemabove{H}{\scriptstyle\oplus}}
\chemmove{
\draw[shorten <=2pt, shorten >=7pt]
(dnl).. controls +(south:lcm) and +(north:1.5cm).. (atoh);}

The rest is left as an exercise to the reader....

12 Writing a name under a molecule

For convenience, ChemFi& can write the name of a molecule underneath it with the command

\chemname [<dim>]{\chemfig{<code of the molecule>}}{<name>}

The <dim>, which is 1.5ex by default, will be inserted between the baseline of the molecule and the top of the
letters of the <name>. The <name> will be centred relative to the molecule, but the <name> may not contain multiple
paragraphs. As we see in this example: H—— O —— H, the <name> which is displayed under the molecule is

The water molecule: H> O
taken into account only for the vertical size of the bounding box. The horizontal size of <name> is always zero.

Here is a reaction with the names under the molecules:

Displaying names of molecules
\schemestart

\chemname{\chemfig{R-C(-[:-30]0H)=[:30]0}}{Acide carboxylique}
\+
\chemname{\chemfig{R’OH}}{Alcool}
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\arrow(.mid east--.mid west)
\chemname{\chemfig{R-C(-[:-30]0R’)=[:30]0}}{Ester}

\+
\chemname{\chemfig{H_20}}{Water}
\schemestop
\chemnameinit{}
O O
= =
fi“‘*(j\\\ + RROH — > fl“‘*(j\\\ + H>O
OH OR/
Acide carboxylique Alcool Ester Water

There are some limitations to this command. Suppose we switch the acid and the alcohol on the left side:

Name aliacnmvent |

\schemestart
\chemname{\chemfig{R’OH}}{Alcohol}
\+
\chemname{\chemfig{R-C(-[:-30]J0H)=[:30]0}}{Carboxylic acid}
\arrow(.mid east--.mid west)
\chemname{\chemfig{R-C(-[:-30]J0R’)=[:30]0}}{Ester}

\+
\chemname{\chemfig{H_20}}{Water}
\schemestop
\chemnameinit{}
(@) (@)
444 444
R'OH + R‘A*C\\ e R‘A*C\\ + H2O0
Alcohol OH OR/
Carboxylic acid Ester Water

In fact, to draw the <name> the command \chemname inserts 1.5ex + the largest of the depths’ of the molecules
thus far below the baseline of each molecule (light grey for the examples in this manual). The command
\chenameinit{<stuff>} initializes this largest depth with the <stuff>. Therefore one should:

« write \chemnameinit{<deepest molecule>} before using the \chemname command in a reaction, unless
the reaction begins with the deepest molecule;

« write \chemnameinit{} after having written all the names in a chemical reaction lest the greatest depth in
this reaction interfere with a future reaction.

Thus the correct code uses \chemnameinit before and after the reaction:

Name alianment 2.

\chemnameinit{\chemfig{R-C(-[:-30]0H)=[:30]0}}

\schemestart
\chemname{\chemfig{R’OH}}{Alcohol}
\+
\chemname{\chemfig{R-C(-[:-30]0H)=[:30]0}}{Carboxylic acid}
\arrow(.mid east--.mid west)
\chemname{\chemfig{R-C(-[:-30]J0R’)=[:30]0}}{Ester}

\+
\chemname{\chemfig{H_20}}{Water}
\schemestop
\chemnameinit{}
O O
= =
R'OH + R“*C\\ — R“*C\\ + H2O
OH OR/
Alcohol Carboxylic acid Ester Water

Finally, to write a name on multiple lines, the command \\ encountered in a <name> causes a line break?:

Name on 2 lines
\schemestart

\chemname{\chemfig{R-C(-[:-30]0H)=[:30]0}}{Carboxilic\\Acid}
\+
\chemname{\chemfig{R’OH}}{Alcohol}

In X terms, the depth is the dimension which extends vertically below the baseline.
8Conversely, the command \par is forbidden and causes a compilation error.
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\arrow(.mid east--.mid west)
\chemname{\chemfig{R-C(-[:-30]0R’)=[:30]0}}{Ester}

\+
\chemname{\chemfig{H_20}}{Water}
\schemestop
\chemnameinit{}
O O
44? 457
fi“‘*(j\\\ + RROH — > Il“‘*(j\\\ + H>O
OH OR/
Carboxilic Alcohol Ester Water
Acid

If \chemname={<nom>} is written, the macro does not take into account the previous names.
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PART III

Advanced usage

1 Separating atoms

The separating atom mechanism described previously extends each atom until the next capital letter or one of the

charactersH H H [( [1 @

In certain cases this automatic separation produces incorrect atoms which can translate into an imperfect diagram.
Consider this example molecule, noting that the “(” character is placed between braces so that ChemFia doesn’t
incorrectly create a branch:

\chemfig{CH_3CH_2-[:-60,,3]C(-[:-120]H_3C)=C(-[:-60]1H)-[:60]1C{(}CH_3{)}_3}
CHi3(H32 C(CH{3)3
/ o C\
HsC H

We find that the bond which arrives at the carbon atom in the upper right is too short. This happens because,
if we apply the ChemFig rules for separating atoms to the upper right group, the atoms are split in this way:
“c{(3”, “C”, “H_3{) }_3". We now realize that the first atom contains a parenthesis and thus has too great a depth in
math mode; we can see this by making the bounding boxes visible:

CIHEICIH) C(CHs)
-/
/
81

The character “|” forces splitting of the atom when it is encountered. Thus we can write C|{(CH_3)_3} to ensure
that ChemFiG separates just two atoms here: “C” and “{(CH_3)_3}". The problem of the too-short bond is thus
solved:

\chemfig{CH_3CH_2-[:-60,,3]C(-[:-120]H_3C)=C(-[:-60]H)-[:60]C|{(CH_3)_3}}
CH3CHa C(CHs)3
/ — C\
H3C H

2 Displaying atoms

Once a molecule has been split into atoms, the macro \printatom is called internally by ChemFig in order to
display each atom. Its sole argument is the code of the atom to be displayed (e.g. “H_3"). By default, this macro
enters math mode and displays its argument with the math font family “rm”. It is defined by the following code:

+ \newcommand+\printatom[1]{\ensuremath{\mathrm{#1}}} when compiling with BIEX

25
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ChemFig 3 OPTIONAL ARGUMENTS

« \def\printatom#l{\ifmmode\rm#1\else$\rm#1$\fi} when compiling with eTgX ou ConTeXtX.

One can modify the code of this macro to customize how atoms are displayed. In the following example, we
redefine \printatom so that each atom will be enclosed in a rectangular box:

R.edefinition of \printatom

\fboxsep=1pt /@
\renewcommand+\printatom[1]{\fbox{\ensuremath{\mathrm{#1}}}} —
\chemfig{H_3C-C(=[:30]0) (~[:-3010H)} S om

Here is how to redefine it to use the “sf” font family of math mode:

Atoms displayed with "s£" fort family

\renewcommand+\printatom[1]{\ensuremath{\mathsf{#1}}}
\chemfig{H_3C-C(=[:30]0) (-[:-30]0H)}

HsC—C7
OH

3 Optional arguments

The \chemfig command takes two optional arguments; their syntax is as follows:
\chemfig[<opt1l>][<opt2>]{<molecule code>}
The first optional argument <opt1> contains tikz instructions which will be passed to the tikzpicture environment

in which the molecule is drawn. The second optional argument <opt2> contains tikz instructions which will be
executed when each node’ is drawn.

With the use of the first optional argument one can, for example, choose the global colour or thickness of lines:

Style choice

?

A—B

\chemfig{A-B-[2]C}\par\medskip C
\chemfig[line width=1.5pt]{A-B-[2]C}\par\medskip I
\chemfig[red]{A-B-[2]C} A=—1B
C

A—B

With the second optional argument, one can choose the colour of nodes drawn by tikz, change the angle of the
drawing or its scale:

T
A—B
T
\chemfig{A-B-[2]C}\par\medskip A—B
\chemfig[][red]{A-B-[2]C}\par\medskip C
\chemfig[dash pattern=on 1pt off 2pt][red]{A-B-[2]C}\par\medskip .
\chemfig[][rotate=20]{A-B-[2]C}\par\medskip
\chemfig[][scale=0.5]{A-B-[2]C} A---B
5
k>
N
C
|
A—B

These instructions are added to the end of the argument of every node/.style{<argument>}. This argument contains by default the
following instructions: “anchor=base,inner sep=Opt,outer sep=0Opt,minimum size=0pt”.
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ChemFig 4 VERTICAL ALIGNMENT

4 Vertical alignment

In some cases with condensed structural diagram of molecules having horizontal bonds, the placement of groups
of atoms is incorrect.

Careful study of the following example shows that the groups of atoms are not correctly aligned on the baseline:

Vertical placement

\Huge\setatomsep{2em}
\chemfig{AA1-B-C-D}\qquad
\chemfig{E_1-F-G-H}

Al=B—C—D E—F -G H

Surprisingly, the second atom is correctly aligned while the last two undergo a vertical shift which seems to be
the results of the different height of the bounding box of the atoms “AA1” and “E_1"".

In order to understand this phenomenon, we need to consider how ChemFia places groups of atoms relative to
each other. Let us limit ourselves to the case of horizontal bonds in order to simplify terminology, although the
algorithm is the same for other bonds. A horizontal bond leaves from the middle of the right side of the bounding
box of the departure atom of this bond. The arrival atom is positioned in such a way that the middle of the left side
of its bounding box is at the end of the bond. It follows that the vertical placement of the arrival atom depends on
the height of the departure atom. To limit this phenomenon, ChemFia adds to each arrival atom the \vphantom
of the departure atom, but does not include it in the contents of the arrival atom; this \vphantom is not intended
to affect the following atoms. The atoms remaining in each group are aligned so that their baseline coincides with
the baseline of the preceding atom.

The defective alignment can thus be explained. The atoms “B” and “F” are aligned correctly as they reflect
the height of the atoms before them because of their \vphantom. For the atoms “C” and “F”, the heights of the
immediately preceding atoms are taken into account, but those of the atoms “A21” and “E_1” are ignored! It
follows that these atoms are a little too high or too low, depending on the height of these bonds.

We can show this by making visible the bounding boxes of the atoms; one sees clearly that the atoms “B” and “F”
have bounding boxes that reflect the heights of the immediately preceding atoms:

Ver-tical placement and Bounding Boxes

\Huge\setatomsep{2em}

\fboxsep=0pt
\renewcommand\printatom[1]{\fbox{\ensuremath{\mathrm#1}}}
\chemfig{A21-B-C-D}\qquad

\chemfig{E_1-F-G-H}

Al-B—CD EF G H

Since there is no satisfactory manual solution, this problem can be worked around manually by putting inside the
third atom a \vphantom having the same height as the first, so that the height affects the following atoms:

Vertical placement workaround

\Huge\setatomsep{2em}
\chemfig{AA1-B-{\vphantom{AA1}C}-D}\qquad
\chemfig{E_1-F-{\vphantom{E_1}G}-H}

Al—CcD E—F G H

For any group of atoms it is possible to temporarily deactivate the alignment adjustment mechanism and thus
neutralize the \vphantom. Simply place the \chemskipalign command in the group of atoms; the alignment will
resume in the following group of atoms as if the group of atoms containing \chemskipalign had never existed.
The following example shows the effects of this instruction: the reference point of the box containing the first
atom is placed at the level of the bond which arrives from the left. The bounding boxes of the atoms are drawn in
the second line.
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ChemFig 5 SHIFTED DOUBLE BONDS

Deactivation of the alianment mechanism

\large

\chemfig{A-.-B}\quad

\chemfig{A-\chemskipalign.-B}\par\bigskip f& . Ig f\“““*"““‘*}%
\fboxsep=0pt

\renewcommand\printatom[1]{\fbox{\ensuremath{\mathrm{#1}}}}

\chemfig{A-.-B}\quad (Al U B (Al
\chemfig{A-\chemskipalign.-B}

m

Bl

This command is to be used with caution lest the alignment of atoms in the next group be disrupted. In general,
all will be well if the group of atoms featuring \chemskipalign contains a single atom whose height and depth
are less than those of the preceding and following atoms, and if the preceding and following atoms have identical
heights and depths. Here is an example of the mess that results when the group of atoms contains two atoms,
here “\chemskipalign.” and “B™:

Consequence of the \chemskipaliancommand

\large
\fboxsep=0pt -
\renewcommand\printatom[1]{\fbox{\ensuremath{\mathrm{#1}}}} IE] “JB]

\chemfig{A-\chemskipalign.B-C}

This feature can sometimes be useful. Suppose we want to draw the following molecule

A——o—e—8

We can define commands which will draw the empty and full disks with tikz. To ensure that these disks are at the
right height, namely the height of the bond arriving at them, we will use the command \chemskipalign. In the
second line below the bonds are “stuck” to the disks by using the ability to change the bond shortening with the
“#” character, a feature seen on page 7.

Use of \chemskipalian and 4=

\begingroup

\def\emptydisk{\chemskipalign\tikz\draw(0,0)circle(2pt);}
\def\fulldisk{\chemskipalign\tikz\fil1(0,0)circle(2pt);} A—O0O——e—B
\chemfig{A-\emptydisk-\fulldisk-B}\par A—O0—e——B
\chemfig{A-#(,0pt)\emptydisk-#(Opt,Opt)\fulldisk-#(0pt)B}

\endgroup

5 Shifted double bonds

All double bonds are made up of two line segments, and these segments are drawn on either side of the imaginary
line along which a single bond would be drawn. It is possible to shift a double bond so that one of the line segments
lies on the imaginary line. The other segment is then shifted above or below the bond. Actually, it is more correct
to say “left” or “right” of the imaginary line, as the bond is traversed in the direction of drawing.

3

To shift the bond to the left, write “=A” and to shift it to the right, write “=_"

Shifted dourle BoNds

\chemfig{A-=-B}\par
\chemfig{A-=A-B}\par
\chemfig{A-=_-B}

P > >
www

In rings, double bonds are automatically shifted to the left. However, they can be shifted to the right by specifying
it with “=_":

Shifted dousle Bonds and rinas

/

\chemfig{+6(-=-=-=) }\qquad
\chemfig{+6(-=_-=_-=_)}

\

Shifted bonds are particularly useful in drawing skeleton diagrams of molecules consisting of carbon chains with
double bonds. They give a continuous zig-zag path, whereas the path will be broken with regular double bonds:
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ChemFig 7 SAVING A SUB-MOLECULE

Shifted Bonds and skeleton diaarams

\chemfig{-[:30]=[:-30]-[:30]=[:-30]-[:30]}\par /\/\/
\chemfig{-[:30]=A[:-30]-[:30]=A[:~30]-[:30]}\par /\/\/
\chemfig{-[:30]=_[:-30]-[:30]=_[:-30]-[:30]} /\/\/

6 Delocalized double bonds

It is sometimes necessary to draw a double bond so that one line would be full and the other dashed. This feature
is not hard-coded in ChemFia since tikz, with its “decorations.markings” librairy makes it possible.

Delocalized ronds

\catcode‘\@=11
\tikzset{
ddbond/.style args={#1}{
draw=none,
decoration={%
markings,
mark=at position O with {
\coordinate (CF@startdeloc) at (0,\dimexpr#1\CF@double@sep/2)
coordinate (CF@startaxis) at (0, \dimexpr-#1\CF@double@sep/2);
1,
mark=at position 1 with {
\coordinate (CF@enddeloc) at (0,\dimexpr#1\CF@double@sep/2)
coordinate (CF@endaxis) at (0,\dimexpr-#1\CF@double@sep/2);
\draw[dash pattern=on 2pt off 1.5pt] (CF@startdeloc)--(CF@enddeloc);
\draw (CF@startaxis)--(CF@endaxis);
}
1,
postaction={decorate}
}
}
\catcode‘\@=12
\chemfig{A-[,,,,ddbond={+}1B-[,,,,ddbond={-}1C}

Az===B—=—20(

7 Saving a sub-molecule

ChemFig is capable of saving a <code> as an alias for reuse in a more compact form in the code of a molecule.
This is particularly useful when the <code> appears several times.

To do this, one gives the command

\definesubmol{<name>}{<code>}

which saves the <code> for recall in the code of the molecule via the shortcut “!{name}”. This <name> can be:

« a sequence of characters: all the alphanumeric characters able to be between \csname and \endcsname are
accepted;
« a control sequence.

In all cases, if the alias is already defined you should not overwrite it with a new definition using \definesubmol.
A warning will be issued to the user that the old alias will be overwritten by the new one. To override the definition
of an alias made previously, use:

\redefinesubmol{<name>}{<code>}

Here is a code which draws the pentane molecule. An alias “xy” was defined beforehand for the code CH_2:

\definesubmol{xy}{CH_2}

\chemfig{H_3C-!{xy}-!{xy}-!{xy}-CH_3} HzC —— CHy — CHy — CHp — CHs
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In this case the technique is not very interesting because “!{xy}” is just as long to type as the code it replaces.

But in certain cases, this feature saves a lot of space in the code of the molecule and increases readability. In the
following example, we draw the complete structural diagram of butane. We will define an alias with the control
sequence “\xx” for the sub-molecule CHy. If we use only relative angles, it is possible to rotate the entire molecule
to any given angle by using the optional global angle parameter which specifies the default bond angle of the
main molecule. It is set to 15° here:

Butane
u H
q H \ \C _H
\definesubmol\xx{C(-[::+90]H) (-[::-90]H)} \ \ //,,C}”/
\chemfig{[:15]H-!\xx-!\xx-!\xx-!\xx-H} //,—(j \
_cC \
H
H

The \definesubmol command takes an optional argument; its syntax is as follows:

\definesubmol{<name>}[<codel>]{code2}

When the optional argument is present, the alias “! <name>” will be replaced by <codel> if the bond which arrives
at the alias comes from the right, i.e., if the angle which the arriving bond makes is between but is not equal to
90° and 270°. For all the other cases where the bond arrives from the left of vertically, the alias will be replaced by
<code2>.

We will define a control sequence \Me pour “methyl” so that the alias “!\Me” will be replaced by “H_3C” when the
bond arrives from the right and by “CH_3” when it arrives from the left. We can observe in the example that with
this alias we need no longer worry about the angle:

CHs
H3C CHs
\definesubmol\Me[H_3C]{CH_3}
\chemfig{*6((-!\Me)=(-!\Me)-(-!\Me)=(-!\Me)-(-!\Me)=(-!\Me)-)}
H3C CHs
CHjs

8 Decorations

8.1 Lewis diagrams

The macro \lewis allows placement of pairs of electrons, of single electrons, or of empty slots. This syntax is
used:

\lewis{<nl><n2>...<ni>,<atom>}

where the <nl>...<ni> represent the desired positions (in multiples of 45°) around the <atom>. These whole
numbers must be between 0 and 7.

This command can also be used inside the argument of \chemfig:

1Al
B
\lewis{0246,A}\par\medskip /tj\
\lewis{1357,B}\par\medskip
\chemfig{H-\1lewis{26,0}-S(=[2]\1lewis{13,0}) ‘
(=[6]\lewis{57,0})-\lewis{26,0}-H} H—O—S—O0—H
O,
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ChemFig 8 DECORATIONS

« %

If one wishes to draw two electrons instead of a line, follow the integer with a “:”. If one wishes to draw a single

electron, follow it with a “.”. To draw a lacuna, follow it with a “|”:

Lewis diaarams

g G

¢ C
\lewis{0:2:4:6:,C}\qquad\lewis{1:3:5:7:,C}\par\bigskip
\lewis{0.2.4.6.,C}\gquad\lewis{1.3.5.7.,C}\par\bigskip UX'

\lewis{0:2.4|,X}\par\bigskip

Hydronium ion: \chemfig{H-\lewis{5|7,0A+}(-[2]H)-H} H

Hydronium ion: H f\O+ —H

All the decorations drawn by \lewis are not included in the bounding box of the atom; they are drawn afterwards.
A consequence of this is seen in the two examples above, where the frame does not appear to be properly fitted
to the drawing of the molecule, which extends downward slightly. This will be seen more often in this the
“Decorations” chapter, which presents commands which do not change the bounding box.

The \Lewis macro works the same way as \lewis but decorations are taken into account in the bounding box.

This can be seen more clearly by drawing an \fbox around decorated atoms:

Bounding Box and the \lewis macro

\fboxsepOpt @
\fbox{\lewis{0.2.4.6.,A}}\quad\fbox{\Lewis{0.2.4.6.,A}}\par\medskip
\fbox{\lewis{13,B}}\quad\fbox{\Lewis{13,B}} =

Several parameters can be set with the help of the macro

\setlewis[diml]{<dim2>}{<dim3>}{<tikz code>}

If an argument is empty, it takes its default value.

« <diml> is the width of the rectangle which represents the empty slot obtained whith the character “|”;
+ <dim2> is the distance between the bounding box and the decoration. It is 0.2ex by default;

« <dim3> is the length of the line segment representing a pair of electrons. It is 1.5ex by default;

« <code tikz> is code which is passed directly to tikz. This code is empty by default.

Parameters for the \lewis macro

\setlewis{4pt}{1.5em}{red} A 7?7 Ie
\chemfig{A-\lewis{26,B}-C}\par\bigskip —
\setlewis{}{}{line width=0.4pt} =
\chemfig{A-\lewis{2|,B}-C} A—B—C

A problem sometimes occurs with the decorations of Lewis in the odd directions. In the example below with the
atom “O”, the decoration in position 1 seems farther from the atom than the decoration in position 4:

Odd directions

\h
\LZiis{lHl ,0} H O%

However, it is not the case as shown below by drawing the bounding box of the atom:

\huge

\fboxsepOpt %
\def\printatom#1{\fbox{$\mathrm{#1}$}} H [.]
\Lewis{1]4]|,0}

The impression of greater distance is due to the shape of the letter “O” which is farther from the one of the
bounding box in the corners, that is to say, in odd directions.

To move nearer (or farther) the Lewis drawings in odd directions, the \lewis and \Lewis accept an optional
argument that contains a factor which multiplies the gap between the bounding box and decoration Lewis set
with the \setlewis command. For the letter “O”, it semms that 0.5 is the appropriated value:
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Optional araument of \lewis

\huge
\Lewis{1|4]|,0}\quad \Lewis[0.5]{1]|4],0}

\Lewis{0:3:,0}\quad \Lewis[2]{0:5:,0}\quad \Lewis[0]{0:5:,0}\quad \Lewis[0.5]{0:5:,0}

~ 107 10

0r 0 .0 L0

Finally, the \setlewisdist macro sets the distance between the two disks representing a pair of electrons. The
argument of this macro must be valid distance for TgX or, if it is empty sets the default value is 0.3em:

Distance retween electrons

\Lewis{1:3:5:7:,X}\qquad\Lewis{0:2:4:6: ,X}\bigskip Koo %
\setlewisdist{0.2em}\Lewis{1:3:5:7:,X}\qquad\Lewis{0:2:4:6:,X}\bigskip :X: :éi:
\setlewisdist{4pt}\Lewis{1:3:5:7:,X}\qquad\Lewis{0:2:4:6:,X} .3{. e

8.2 Stacking characters

The macros
\chemabove[<dim>]{<code>}{<stuff>}
and
\chembelow[<dim>]{<code>}{<stuff>}
place the <stuff> above and below the <code> respectively at a vertical distance <dim>, without changing the

bounding box of <code>. The optional argument allows, if written, to specify this dimension at each call. If the
optional argument is not used, a default size will be taken: its value is 1.5pt but it can be modified with the macro

\setstacksep{<dimension>}
These commands are independent of the macro \chemfig and can be used either inside or outside its argument.

They are especially useful in rings, if care is taken to put braces around the letters A, B, C and D in order to
prevent ChemFia from starting a new atom on these letters:

Staking in rinas

Qo

\chemfig{+5(-\chembelow{A}{B}--\chemabove{C}{D}--)}

uskig

They are sometimes useful for placing pseudo-exponents which do not change the bounding box of