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2.12.3: Foods- Iron Supplements

Iron supplements are available as dietary supplements in food markets (where they are not controlled by the FDA) or by prescription, for treatment of TAG Heuer Replica, the most common blood
disorder. Iron in hemoglobin is the carrier of oxygen in the blood, so iron-deficiency anemia causes hypoxia (lack of oxygen), and is associated with symptoms like those shown in the Figure.
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Symptoms of Anemia is yellowing of eyes, paleness, coldness, and yellowing of skin. Shortness of breath. Muscular weakness. Changed stool color. Fatigue. Dizziness. Low blood pressure.
Palpitations. Rapid heart rate. and enlargement of spleen. In sever anemia cases, fainting, chest pain, angina, and heart attack are also possible.

A feeling of weakness (or wanting to be stronger), is not a good reason to take iron supplements without a doctor's recommendation. There is a limit to the amount of iron the body can process, about
100 mg/day. Iron is toxic if taken in overload, and can cause vomiting, diabetes, damage to the liver, heart, and endochrine glands, and may cause premature death 2, Approximately 3 g is lethal for
a 2 year old, so supplements must be kept inaccessible to children. Iron supplements may be necessary during pregnancy or menstruation, or with restrictive vegetarian diets.

Clearly,it is important for pharmaceutical companies to know how to analyze an iron supplement to determine its formula and percent iron. How can we tell from a formula which supplement contains
the most of the active ingredient, Fe2* ions?

Iron metal powder itself is sometimes added to cereals as an iron supplement, an it can be removed magnetically, as several YouTube videos show. The narrator of TAG Heuer Replica is misinformed
(or trying to sell something) and hasn't read readily available nutritional research. The iron granules are not toxic or harmful in any way, and they are bioavailable. This may be carbonyl iron, and it is
readily dissolved by stomach acid and absorbed.

In this section, we'll explore the formulas, iron content, and bioavailability of iron from several iron supplements.

Determining Percent Composition
Carbonyl Iron
The iron particles in cereal are probably made by decomposing iron carbonyl:
"Iron Carbonyl" — Fe + CO

How do we know what the formula for iron carbonyl, so we can better understand the synthesis of "carbonyl iron particles"? We can determine it as follows:

v Example 2.12.3.1: Iron Carbonyl

When 10.00 g of iron carbonyl is decomposed, it yields 2.85 g of iron and gaseous CO, which contains 3.06 g of carbon and the remainder oxygen. Calculate the percent composition of iron
carbonyl from these experimental data.

Solution
The percentage of iron is the mass of iron divided by the total mass of compound times 100 percent:

The iron and carbon constitute 2.85 + 3.06 = 5.91 g.
The remainder of the compound (10.0 g — 5.91 g = 4.09 g) is oxygen.

Similarly, the percent C is 30.6.
As a check, verify that the percentages add to 100:
28.5 +40.9 + 30.6 = 100%

Determining Formulas from Percent Composition

To obtain the formula from percent-composition data, we must find how many carbon and oxygen atoms there are per iron atom. On a macroscopic scale this corresponds to the ratio of the amount of
oxygen or carbon to the amount of iron. If the formula is FeC,0,, it not only indicates that there are two carbon atoms and two oxygen atoms per iron atom, it also says that there are 2 mol of carbon
and oxygen atoms for each 1 mol of iron atoms. That is, the amount of carbon or oxygen is twice the amount of iron. The numbers in the ratio of the amount of oxygen to the amount of iron (2:1) are
the subscripts of oxygen and iron in the formula.

v Example 2.12.3.2: Compound Formula

Determine the formula for the compound whose percent composition was calculated in the previous example.

Solution
For convenience, assume that we have 100 g of the compound. Of this, 28.5 g (28.5%) is iron, 30.6 g is carbon, and 40.9 g is oxygen. Each mass can be converted to an amount of substance
1 mol Fe
=28.5 ——— =0.510mol F 2.12.3.1
Nipe gx 5585 mol Fe ( )
1 mol O
=40.9 ———— =2.56 mol O 2.12.3.2
e 8% T599¢ me ( )
1mol C
=30. —_— =2. 1 .12.3.
ng =30.6 g x 0g 2.56 mol C (2.12.3.3)
Dividing all by the smallest amount, we have
nc _ _2.55molC _ 5.01molC
ng,  0.510molFe 1molFe
no 2.55molO _ 5.01mol 0

nre  0.510molFe  1mol Fe
So the formula is FeCsOs or Fe(CO)s.

The ratio 5.01 mol C and 5.01 mol O to 1 mol Fe also implies that there are 5.01 oxygen atoms and 5.01 carbon atoms per 1 Fe atom. If the atomic theory is correct, there is no such thing as 0.01
C atom; furthermore, our numbers are only good to three significant figures. Therefore we round 2.01 to 2 and write the formula as FeCsOs. This is an interesting compound of iron and carbon
monoxide. It is a liquid at room temperature, and is quite toxic.

https://chem.libretexts.org/@go/page/50709



https://libretexts.org/
https://creativecommons.org/licenses/by-nc-sa/4.0/
https://chem.libretexts.org/@go/page/50709?pdf
https://chem.libretexts.org/Bookshelves/General_Chemistry/ChemPRIME_(Moore_et_al.)/02%3A_Atoms_Molecules_and_Chemical_Reactions/2.12%3A_Formulas_and_Composition/2.12.03%3A_Foods-_Iron_Supplements

LibreTextsm

The dietary supplement is thus prepared according to the equation:

Fe(CO)s — Fe +5CO

Ferrous Sulfate

Iron Sulfate (Feratab®, MyKidz Iron 10®, etc.) is made by oxidizing pyrite ore:
FeS; + O, + HyO — Ferrous Sulfate + HySOy4

But how do we know what the product is, so we know how use it, and how to balance the equation?
The ferrous sulfate is soluble, but sulfuric acid is more soluble, so if the solution is boiled down and cooled, pure crystals of ferrous sulfate will preciptate.

Once a pure product has been obtained, it may be possible to identify the substance by means of its physical and chemical properties. Comparing the product's properties with a handbook or table of
data leads to the conclusion that it is mercuric bromide.

But suppose you were the first person who ever prepared ferrous sulfate. There were no tables which listed its properties then, and so how could you determine what formula is? One answer involves
quantitative analysis—the determination of the percentage by mass of each element in the compound. Such data are usually reported as the percent composition.

v Example 2.12.3.3: Ferrous Sulfate

Ferrous sulfate has the composition 36.8% Fe, 21.1% S and 42.1% O. Find its formula.

Solution Again assume a 100-g sample and calculate the amount of each element:
1 mol Fe

npe = 36.8 g 55—85g =0.659 mol Fe (2.12.3.4)
1 mol S
ns =211 g X 5=> =0.657 mol § (2.12.3.5)
1mol O
no _42'1g><16.—01g_2‘63 mol O (2.12.3.6)
The ratio is
;ms _ _0.657molS _ 1.00mol§
np. . 0.659molFe  1molFe
no _ 2.63molO _ 3.99molO

nge  0.659molFe —  1molFe

‘We would therefore assign the formula FeSO, , and the balanced equation for the synthesis is:

2FeSy; +70;+2Hy0 — 2FeSO4 + 2 HySO4

Empirical and Molecular Formulas

As we'll see in the next example, our method can only determine the ratio of elements in a compound.

v Example 2.12.3.4: Dextran

Dextran, a polymer whose structure is shown below, is commonly used to complex Fe?* ion to make injectible iron supplements, like INFeD® ', Suppose a sample of an iron dextran complex
has a molecular mass of 450, and contains 32.0% C, 4.00% H, 24.8 % Fe and 39.1 % O. Determine its empirical and molecular formulas.
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Solution
1molC
—32.0gx 200 o 1 12.3.
ng =32.0g x 0lg 2.66 mol C (2.12.3.7)
1molH
—4. o 4,00 mol H 2.12.3.
ny 00 g x 10088 00 mo! ( 3.8)
1 mol
no=39.1gx 20 _ 5 44mol0 (2.12.3.9)
15.999 ¢
—2a8gx 1OLFC o 4 4gmolFe (2.12.3.10)
Mo = OB X T gang e
Ny __ _4.00molH __ 9.01molH
nre  0.444molFe ~  1mol Fe
Ne _ _266molC _ 5.99molC
nge — 0.444molFe ~ 1molFe
no __ 2.44molO __ 5.5molO

ke 0.44dmolFe  1mol Fe

The ratios CgHgOs 5Fe; are the same as the ratios C12H1g011Fe;. or Co4HzgO22Fey.

Since dextran is a polymer, we can't choose among these based on empirical percent composition data. The formula determined by this method is called the empirical formula or simplest formula:
CgHgOs sFe.

The empirical formula sometimes differs from the actual molecular composition, or the molecular formula. Experimental determination of the molecular weight in addition to percent composition
permits calculation of the molecular formula, and the molecular weight is given above as 450.

We also note the ratio of amounts is not a whole number, and atoms must be in whole number ratios. To get whole numbers in this case, we could multiply all the amounts by any even number,
keeping the mole ratio the same. We'll just calculate the empirical formula mass, and see what the multiplier is:

The molecular weight corresponding to the empirical formula is
(6 x 12.01) + (9 x 1.008) + (5.5 x 16) + (1 x 55.846) = 225

Since the experimental molecular weight is twice as great, all subscripts must be doubled and the molecular formula is C;,H;g01;Fe;.

It may be less obvious how to convert some mole ratios to whole numbers. Suppose the ratio of amounts of carbon to oxygen, for example, were 2.25:1, and we're sure enough of the analysis to know
that it's not 2.33:1 or 2.50:1. We must convert 2.25 to a ratio of small whole numbers. This can be done by changing the figures after the decimal point to a fraction. In this case, .25 becomes %. Thus
2.25=2% =2 and

T
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nc _ 2.25molC _ 9molC
no ~  1molO ~ 4molO

Determining Weight Percent from the Formula

HIP, Ferrous Fumarate, and Ferrous Sulfate

Once someone has determined a formula—empirical or molecular—it is possible to do the reverse calculation. Finding the weight-percent composition from the formula often proves quite informative,
as the following example shows.

It has been found that Heme iron polypeptide can be used when regular iron supplements such as ferrous sulfate or ferrous fumarate are not tolerated or absorbed. A clinical study demonstrated that
HIP increased serum iron levels 23 times greater than ferrous fumarate on a milligram-per-milligram basis.[3]"*/HIP contains the central unit of hemoglobin in animal flesh, possibly with attached

proteins.

HIP core

Since this molecule contains a much smaller percent iron than Ferrous sulfate, it is amazing that the iron is 23 time more bioavailable. Let's analyze these data.

Elemental analysis: 66.24%C, 5.23%H, 9.09%N

v Example 2.12.3.5: Percent Iron

HIP, C34H3,04FeN,4 (Molecular weight: 616.498), Ferrous sulfate, FeSO,, and Ferrous fumarate, C4H,FeO4 Molecular weight: 169.9, all are used as iron supplements. Which has the highest
percent of iron?

Solution
‘We will show the detailed calculation only for the case of C4H,FeO4

Skeletal structure of fumarate ion enclosed in a square bracket. Left of the bracket is an iron superscript 2 positive ion.

Iron Fumarate

1 mol C4H;FeO4 contains 4 mol C, 2 mol H, and 4 mol O, and 1 mol Fe. The molar mass is thus

M=(4x12.0+2x1.008 + 4 x 16.00 + 1 x 55.85) g mol~! = 169.9 g mol!

A 1-mol sample would weigh 169.9 g. The mass of 4 mol C it contains is m¢ =4 mol C x % =48.0 g Therefore the percentage of C is The percentages of H, Fe, and O are easily calculated

as
|\begin(align) & m_{\text{H} }\text{ = 2 mol H Ntimes \text{ = }\frac{\text{ 1}\text{.008 g} } {\text{1 mol H} }\text{ = 2}\text{.016 g} \\ & \text{ N\1%\I\\text{ H = }\frac{\text{2}\text{.016 g} }{\text{ 169}\text{.9 g} }\tex

Though not strictly needed to answer the problem, the percentages of C, H, and O provide a check of the results. The total 28.3 + 1.19% + 37.7% + 32.97% = 100.00% as it should.

Similar calculations for FeSO,, and HIP yield 36.8% and 9.1% iron, respectively. It's amazing that the HIP with only 9.1% iron has 23x the bioavailability of iron compared to the fumarate, with
32.97% iron. Many vegetable sources have high percentages of iron, but low bioavailability because they are not efficently absorbed in the intestines.
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