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Introduction

Understanding the concept of formal charge is fundamental in analyzing the
stability and electronic structure of molecules and ions. The formal charge
provides insight into the distribution of electrons within a molecule, aiding
in predicting the most stable structures and resonance forms. In this
context, we focus on the cation [H2NSF2]+, which contains nitrogen, sulfur,
fluorine, and hydrogen atoms. The question of interest is: assuming the octet
rule is not violated, what is the formal charge on nitrogen (N) within this
cation? To answer this, we must explore the structure, bonding, and electron
distribution in the molecule, applying principles of valence electrons, Lewis
structures, and formal charge calculations.

Understanding the Molecular Composition and
Structure

Components of [H2NSF2]+

The molecular formula indicates the presence of:

nitrogen atom (N)
sulfur atom (S)

fluorine atoms (F)
hydrogen atoms (H)
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The overall charge of the ion is +1.



Possible Structural Frameworks

Given the composition, a plausible structure involves nitrogen bonded to
hydrogen and perhaps to sulfur, with sulfur further bonded to fluorines. The
most common bonding patterns suggest:

- Nitrogen as a central atom or attached to hydrogen.
- Sulfur connected to nitrogen and to fluorines.
- Fluorines attached to sulfur.

A likely structure, respecting typical bonding preferences and the octet
rule, would be:

- The nitrogen atom bonded to two hydrogens (N-H bonds).
- The sulfur atom bonded to nitrogen and two fluorines.
- The overall positive charge distributed according to the bonding.

Applying the Octet Rule and Valence Electron
Considerations

Octet Rule Assumption

The octet rule states that atoms tend to form bonds to achieve eight
electrons in their valence shell, resembling the electron configuration of
noble gases. Assuming the octet rule is not violated implies:

- All atoms (except possibly for hypervalent sulfur) have complete octets.
- No atoms have expanded octets.

- The bonding arrangements will reflect stable Lewis structures with full
octets.

Valence Electrons Count

- Nitrogen (N): 5 valence electrons

- Sulfur (S): 6 valence electrons

- Fluorine (F): 7 valence electrons each
- Hydrogen (H): 1 valence electron

Total valence electrons:

N: 5
-S:06
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F:
H:
Sum: 5 + 6 + 14 + 2 = 27 electrons

Since the molecule has an overall +1 charge, the total electrons involved in
bonding (including the loss of one electron) are:

- Total electrons: 27 (neutral atom count)
- Adjusted for +1 charge: 26 electrons

This electron count guides the construction of the Lewis structure, ensuring
the octet rule is not violated.

Constructing the Lewis Structure

Step 1: Identify the central atom

Typically, sulfur acts as a central atom due to its bonding versatility and
ability to expand its octet (if necessary). However, since the assumption is
no octet violation, sulfur will have four bonds to fulfill its valence shell
without expanding beyond eight electrons.

Step 2: Arrange atoms accordingly

A plausible structure:

- Sulfur at the center, bonded to:
- Nitrogen

- Two fluorines

- Nitrogen bonded to two hydrogens

The structure would look like:

In this configuration:



- Nitrogen is attached to two hydrogens and sulfur.
- Sulfur connects to nitrogen and two fluorines.

Step 3: Verify octet completion

- Nitrogen: 3 bonds (two to H, one to S), with lone pairs to complete octet.
- Sulfur: 3 bonds (to N and two F), with lone pairs if necessary.

- Fluorines: each with three lone pairs and one bond.

- Hydrogens: each with one bond.

Calculating the Formal Charge on Nitrogen

Formal Charge Formula

The formal charge (FC) on an atom is calculated as:

\ [

FC = \text{Valence electrons} - \left( \text{Lone pair electrons} +
\frac{1}{2} \times \text{Bonding electrons} \right)

\1]

Where:

- Valence electrons: number of valence electrons for the free atom.

- Lone pair electrons: electrons in lone pairs on the atom.
- Bonding electrons: electrons involved in bonds with other atoms.

Applying the Formula to Nitrogen

In the proposed structure:

- Valence electrons for N: 5
- Nitrogen forms two N-H bonds and one N-S bond.

Counting electrons:
- Each N-H bond involves 2 electrons; total 2 bonds x 2 electrons = 4
electrons.

- The N-S bond involves 2 electrons.

Lone pairs on N:



- Since nitrogen is bonded to three atoms, to satisfy octet, it would
typically have one lone pair (2 electrons).

Electrons in lone pairs on N: 2
Electrons in bonds:

- 2 bonds to H: 2 bonds x 2 electrons = 4 electrons
- 1 bond to S: 2 electrons

Total bonding electrons: 4 (H bonds) + 2 (S bond) = 6 electrons
Lone pair electrons on N: 2 electrons
Now, compute the formal charge:

\ [
FCN =5 - \left( 2 + \frac{6}{2} \right) =5 - (2 +3) =5 -5=20
\1

Therefore, the formal charge on nitrogen is zero.

Implications of the Formal Charge Calculation

Significance of Zero Formal Charge

A formal charge of zero on nitrogen indicates:

- The structure is likely stable and consistent with the octet rule.

- Nitrogen is neither electron-deficient nor excess in electrons relative to
its neutral state.

- The Lewis structure aligns with common bonding patterns and electron
distributions.

Confirmation with Other Atoms

- Sulfur, as the central atom, would have a formal charge of zero if it
shares electrons appropriately.

- Fluorines, each with a full octet and a formal charge of zero, confirm the
stability of the structure.

- The overall +1 charge on the molecule is accounted for by the bonding
arrangements, possibly through a positive charge localized on sulfur or
nitrogen, depending on the exact structure.



Conclusion

Assuming the octet rule is not violated in the molecule [H2NSF2]+, the
detailed analysis of its Lewis structure and electron distribution indicates
that the formal charge on nitrogen is zero. This conclusion rests on the
typical bonding patterns, the valence electron count, and the stability
considerations of the Lewis structure. The formal charge calculation confirms
that nitrogen maintains its neutral valence electron configuration within
this cation, contributing to the overall stability of the molecule.
Understanding such electron distributions is crucial for predicting
reactivity, stability, and the nature of chemical bonding in complex ions and
molecules.

Summary of Key Points

e Assuming the octet rule is not violated, the Lewis structure of
[H2NSF2]+ involves nitrogen bonded to two hydrogens and sulfur, with
fluorines attached to sulfur.

e Valence electrons and bonding arrangements suggest nitrogen forms three
bonds with lone pairs to complete its octet.

e The formal charge on nitrogen, calculated via the standard formula, is
zero, indicating a neutral nitrogen atom in this structure.

e This analysis aligns with the stability and common bonding patterns
observed in similar molecules.

Understanding such detailed electronic considerations helps chemists predict
molecular behavior and design molecules with desired properties.

Frequently Asked Questions

What is the overall charge on the nitrogen atom in
the cation [H2NSF2]+ assuming the octet rule is not



violated?

The nitrogen atom in [H2NSF2]+ has a formal charge of +1, as it shares
electrons to satisfy the octet rule without violating it.

How do you calculate the formal charge on nitrogen
in the [H2NSF2]+ cation?

The formal charge is calculated using the formula: Formal Charge = (Valence
electrons) - (Non-bonding electrons) - % (Bonding electrons).

What are the valence electrons for nitrogen in this
structure?

Nitrogen has 5 valence electrons, which are considered in the calculation of
its formal charge.

What is the bonding environment of nitrogen in
[H2NSF2]+7?

Nitrogen is bonded to two hydrogen atoms and one sulfur atom (or possibly
directly to fluorines depending on the structure), with lone pairs adjusting
to satisfy the octet rule.

If nitrogen is bonded to two hydrogens and one
sulfur atom, what is its formal charge assuming the
octet rule is not violated?

Assuming proper bonding, the formal charge on nitrogen would be +1, as it
shares electrons with hydrogen and sulfur without exceeding the octet.

Does the assumption that the octet rule is not
violated affect the formal charge calculation on
nitrogen?

Yes, it ensures that the electrons are distributed such that nitrogen's octet

is satisfied, which influences the formal charge calculation to be consistent
with a +1 charge.

Why is the formal charge on nitrogen important in
understanding the structure of [H2NSF2]+?

The formal charge helps determine the most accurate Lewis structure and
predicts the molecule's reactivity and stability.



Can the formal charge on nitrogen in [H2NSF2]+ be
zero under the octet rule?

No, given the structure and bonding, nitrogen typically carries a formal
charge of +1; a zero formal charge would require a different bonding
arrangement that still respects the octet rule.

Additional Resources

Assuming That The Octet Rule Is Not Violated, What Is The Formal Charge On N
In The Cation [H2NSF2]+

Understanding the distribution of electrons within molecules and ions 1is
fundamental to grasping their stability, reactivity, and overall chemical
behavior. Among the various tools chemists employ, formal charge calculations
serve as an invaluable method for deducing the most plausible Lewis
structures and predicting molecular properties. In this context, evaluating
the formal charge on nitrogen (N) in the cation [H2NSF:]+ requires a detailed
understanding of bonding arrangements, electron counting, and the adherence
to the octet rule, assuming it’s not violated. This article offers a
comprehensive exploration of this problem, illuminating the rationale behind
formal charge determination within this complex ion.

Understanding the Molecular Structure of
[H2NSFz]+

Before delving into formal charges, it’s essential to visualize the molecular
structure of the cation [H2NSF:2]+. The notation suggests a positively charged
species composed of nitrogen (N), sulfur (S), fluorine atoms (F), and
hydrogen (H). The components are typically arranged with nitrogen bonded to
hydrogen and sulfur, with sulfur further bonded to fluorine atoms.

Proposed Structural Features:

- Central Nitrogen (N): Likely acts as a core atom, bonded to two hydrogens
and possibly to sulfur.

- Sulfur (S): Usually exhibits expanded octet behavior; in this case, bonded
to fluorines.

- Fluorines (F): Terminal atoms bonded to sulfur.

- Charge Distribution: The overall positive charge of the ion suggests an
electron deficiency or a formal positive charge localized on one or more
atoms.

Likely bonding scenario:



- N is bonded to two hydrogens (H) and to sulfur.

- S is bonded to N and to two fluorines.

- The positive charge is delocalized or localized depending on the electron
distribution, but for simplicity, assume a structure where the octet rule is
satisfied without violations, meaning each atom has an appropriate number of
electrons.

Applying the Octet Rule and Electron Counting
Principles

The octet rule states that atoms tend to form bonds until they are surrounded
by eight electrons, either through shared pairs or lone pairs. In calculating
formal charges assuming the octet rule is not violated, each atom should have
an electron count matching its valence electrons, adjusted for bonds and lone
pairs.

Valence electrons for the atoms involved:

valence electrons
valence electrons
valence electrons
valence electron

1
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Bonding assumptions:
- Each single bond counts as two electrons.
- Lone pairs are electrons unshared on an atom.

- Formal charge calculation depends on the number of valence electrons, the
electrons assigned to an atom in the Lewis structure, and the bonding.

Constructing the Lewis Structure for [Hz2NSF:]+

To determine the formal charge on nitrogen, the structure must be constructed
with the octet rule satisfied for all atoms, and the overall charge of +1
accounted for.

Step-by-step process:

1. Identify the connectivity:

- N bonded to two hydrogens (H).
- N bonded to S.



S bonded to N and two fluorines (F).
2. Assign bonds:

N-H bonds: two single bonds.
- N-S bond: single bond.

S—F bonds: two single bonds.

3. Determine lone pairs:

- Each atom's total electrons are assigned based on bonding and lone pairs to
fulfill the octet.

4. Verify the octet:

- Nitrogen: 3 bonds (2 H+ 1 S), with lone pairs.

- Sulfur: bonds to N and two F atoms, possibly with lone pairs if needed.

- Fluorine: each with three lone pairs and one bond.

Sample Lewis structure:

- N has two single bonds to H and one to S, with a lone pair to complete its
octet.

- S has two single bonds to F and one to N, with lone pairs to satisfy the

octet.
- F atoms each have three lone pairs and one bond to S.

Calculating the Formal Charge on Nitrogen (N)

Formal charge (FC) is calculated as:

FC = (Valence electrons) — (Lone pair electrons + % Bonding electrons)
Alternatively, for a specific atom:

- Count the number of valence electrons (from the periodic table).

- Subtract the number of electrons assigned to the atom in the Lewis
structure.

Step-by-step calculation:

1. Valence electrons for N: 5 electrons.

2. Electrons assigned in the structure:

- Bonded to two hydrogens: each bond involves 2 electrons, total 4 electrons.
- Bonded to sulfur: 2 electrons.



- Lone pairs on N: Since N adheres to the octet rule, it will have one lone
pair (2 electrons).

3. Electrons in bonds:

- N-H bonds: 2 bonds x 2 electrons = 4 electrons.
- N-S bond: 2 electrons.

4. Lone pairs on N:

- One lone pair: 2 electrons.

5. Total electrons assigned to N:

- Bonds: 4 (H) + 2 (S) = 6 electrons.
- Lone pairs: 2 electrons.

6. Formal charge:

= 5 (valence) — (2 [lone pair electrons] + % 6 [bonding electrons]) =5
+3)=5-5=20

Result: The formal charge on nitrogen is zero, indicating a neutral, stable
configuration under the octet rule.

Implications of Formal Charges in the Ion

Understanding that the formal charge on nitrogen in [H2NSF:2]+ is zero under
the octet rule has several implications:

- Stability: A formal charge of zero on N suggests that the structure is
stable and likely represents the dominant resonance form.

- Charge localization: The positive charge of the entire ion may be localized
on other atoms, such as sulfur or fluorines, depending on the actual electron
distribution.

- Reactive sites: Atoms with non-zero formal charges often serve as reactive
centers; here, nitrogen remains neutral, indicating it’s less likely to be
the reactive site.

Additional Considerations and Limitations

While the above analysis assumes no violation of the octet rule, real



molecules sometimes do violate this principle, especially for larger atoms
like sulfur that can expand their octet. In such cases, formal charge
calculations might differ, and the actual structure could include expanded
octets or resonance stabilization.

Moreover, the actual distribution of electrons can be better understood
through advanced computational methods or experimental data, which may reveal
delocalization effects or charge resonance structures that alter the formal
charges slightly.

Conclusion: Formal Charge on N in [Hz2NSF:]+

Assuming that the octet rule is not violated, the detailed electron counting
and Lewis structure construction reveal that the formal charge on nitrogen
(N) in the cation [H2NSF:]+ is zero. This indicates a stable, neutral
nitrogen atom within an overall positively charged ion. Such insights are
vital for chemists aiming to predict molecular stability, reactivity, and
potential sites for chemical interaction. Understanding formal charges within
complex ions not only helps clarify their electronic structure but also paves
the way for designing new molecules and interpreting experimental data with
greater accuracy.
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